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INTRODUCTION. 


SPECIAL  RESULTS  OP  OBSERVATION  IN  THE  DOMAIN 

OF  TELLURIC  PHENOMENA. 

Ik  a  work  embracing  so  wide  a  field  as  the  Cosmos,  which 
aims  at  combining  perspicnous  comprehensibility  with  general 
clearness,  the  composition  and  co-ordination  of  the  whole 
are  perhaps  of  greater  importance  than  copiousness  of  detail. 
This  mode  of  treating  the  subject  becomes  the  more  desirable 
because,  in  the  Book  of  Nature,  the  generalization  of  views, 
both  in  reference  to  the  objectivity  of  external  phenomena 
and  the  reflection  of  the  aspects  of  nature  upon  the  imagination 
j^and  feelings  of  man,  must  be  carefully  separated  from  the 
V  enumeration  of  individual  results.  The  first  two  volumes  of 
the  Cosmos  were  devoted  to  this  kind  of  generalization,  in 
which  the  contemplation  of  the  Universe  was  considered  as 
one  great  natural  whole,  while  at  the  same  time  care  was 
taken  to  show  how,  in  the  most  widely  remote  zones,  man- 
kind had,  in  the  course  of  ages,  gradually  striven  to  discover 
the  mutual  actions  of  natural  forces.  Although  a  great  accu- 
mulation of  phenomena  may  tend  to  demonstrate  their  causal 
connection,  a  General  Picture  of  Nature  can  only  produce 
fresh  and  vivid  impressions  when,  bounded  by  narrow  limits, 
its  perspicuity  is  not  sacrificed  to  an  excessive  aggregation 
of  crowded  facts. 

As  in  a  collection  of  graphical  illustrations  of  the  surfJBrCe 
and  of  the  inner  structure  of  the  earth's  crust,  general  maps 
precede  those  of  a  special  character,  it  has  seem^  to  me  that 
in  a  physical  description  of  the  Universe  it  would  be  most 
appropriate,  and  most  in  accordance  with  the  plan  of  the 
present  work,  if,  to  the  consideration  of  the  entire  Universe 
from  general  and  higher  points  of  view,  I  were  to  append  in 
the  latter  volumes  those  special  results  of  observation    upon 
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those  forms  of  speech,  which  refer  to  the  ordained  course  of 
the  celestial  bodies.  The  known  laws  which  rule  the  celestial 
sphere  excite  perhaps  the  greatest  admiration  by  their  sim- 
plicity,  based  as  they  solely  are,  upon  the  mass  and  distri- 
bution of  accumulated  ponderable  matter  and  upon  its  forces 
of  attraction.  The  impression  of  the  sublime,  when  it  arises 
from  that  which  is  immeasurable  and  physically  great,  passes 
almost  unconsciously  to  ourselves  beyond  the  mysterious 
boimdary  which  connects  the  metaphysical  with  the  physd- 
cal,  and  leads  us  into  another  and  higher  sphere  of  ideas.  The 
image  of  the  immeasurable,  the  boundless,  and  the  eternal,  is 
associated  with  a  power  which  excites  within  us  a  more 
earnest  and  solemn  tone  of  feeling,  and  which,  like  the 
impression  of  all  that  is  spiritually  great  and  morally  exalted, 
is  not  devoid  of  emotion. 

The  effect  which  the  aspect  of  extraordinary  celestial 
phenomena  so  generally  and  simultaneously  exerts  upon 
entire  masses  of  people,  bears  witness  to  the  influence  of 
such  an  association  of  feelings.  The  impression  produced 
in  excitable  minds  by  the  mere  aspect  of  the  starry  vault 
of  heaven  is  increased  by  profounder  knowledge,  and  by 
the  use  of  those  means  which  man  has  invented  to  augment 
his  powers  of  vision,  and  at  the  same  time  enlarge  the  horizon 
of  his  observation.  A  certain  impression  of  peace  and  calm- 
ness blends  with  the  impression  of  the  incomprehensible  in 
the  universe,  and  is  awakened  by  the  mental  conception  of 
normal  regularity  and  order.  It  takes  from  the  unfathom- 
able depths  of  space  and  time  those  features  of  terror 
which  an  excited  imagination  is  apt  to  ascribe  to  them. 
In  all  latitudes  man,  in  the  simple  natural  susceptibility 
of  his  mind,  prizes  *^  the  calm  stillness  of  a  starlit  summer 
night." 

Although  magnitude  of  space  and  mass  appertains  more 
especially  to  the  sidereal  portion  of  cosmical  delineation,  and 
the  eye  is  the  only  organ  of  cosmical  contemplation,  our 
telluric  sphere  has,  on  the  other  hand,  the  preponderating 
advantage  of  presenting  us  with  a  greater  and  a  scientifically 
distingiujBhable  diversity  in  the  numerous  elementary  bodies 
of  which  it  is  composed.  All  our  senses  bring  us  in  contact 
with  terrestrial  nature,  and  while  astronomy,  which,  as  the 
knowledge  of  moving  luminous  celestial  bodies  is  most  acces- 
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vrn  solar  system,  as  we  learn  from  an  important  conversa- 
cion  which  he  had  at  Kensington  with  Conduit  {Cosmof, 
voL  i,  p.  120).  The  uniform  image  of  homogeneous  gravi- 
tating matter  conglomerated  into  celestial  hodies  has  occu- 
pied the  fancy  of  mankind  in  various  ways«  and  mythology 
has  even  linked  the  charm  of  music  to  the  voiceless  regions 
within  the  realms  of  space  {Cosmos,  vol.  iv,  pp.  431 — 434). 

Amid  the  houndless  wealth  of  chemically  varying  sub- 
stances, with  their  numberless  manifestations  of  force — amid 
the  plastic  and  creative  energy  of  the  whole  of  the  organic 
world,  and  of  many  inorganic  substances — amid  the  meta^ 
morphosis  of  matter  which  exhibits  an  ever-active  appear- 
ance of  creation  and  annihilation,  the  human  min^  ever 
striving  to  grasp  at  order,  often  yearns  for  simple  laws  <  f 
motion  in  the  investigation  of  the  terrestrial  sphere.  Even 
Aristotle  in  his  Physics  states,  that  "  the  fundamental  prin- 
ciples of  aU  nature  are  change  and  motion ;  he  who  does  not 
recognise  this  truth  recognises  not  nature  herself  {Phys, 
Auscult.  iii,  1  p.  200  Bekker),  and  referring  to  the  difference 
of  matter  ("  a  diversity  in  essence  "),  he  designates  motion  in 
respect  to  its  qualitative  nature,  as  a  metamorphosis, 
aXKoitt)<n9,  very  different  from  mere  mixture,  fu'gi^,  and  a 
l^netration  which  does  not  exclude  the  idea  of  subsequent 
separation  {De  Oener.  et  Corrupt,  i,  1  p.  327). 

The  unequal  ascent  of  fluids  in  capillary  tubes — the  endos- 
mosis  which  is  so  active  in  all  organic  celk,  and  is  probably  a 
consequence  of  capillarity — the  condensation  of  different 
kinds  of  gases  in  porous  bodies  (of  oxygen  in  spongy  plati- 
num, with  a  pressure  which  is  equal  to  a  force  of  more  than 
700  atmospheres,  and  of  carbonic  acid  in  boxwood  charcoal, 
when  more  than  one-third  is  condensed  in  a  liquid  state 
on  the  walls  of  the  cells) — the  chemical  action  of  contact- 
substances  which,  by  their  presence  occasion  or  destroy  (by 
catalysis)  combinations  without  themselves  taking  any  part 
in  them — all  these  phenomena  teach  us  that  bodies  at  in- 
finitely small  distances  exert  an  attraction  upon  one  another, 
which  depends  upon  their  specific  natures.  We  cannot 
conceive  such  attractions  to  exist  independently  of  motions, 
which  must  be  excited  by  them  although  inappreciable  to 
our  eyes. 

We  are  still  entirely  ignorant  of  the  relations  which  reci- 
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the  solid  and  fluid  matter  on  the  outer  crust  of  the 
earth."  Although  while  it  is  not  improbable,  judging  from 
geological  data,  that  the  incidental  alterations  which  are 
readily  brought  about  in  the  fused  portions  of  the  interior 
of  the  earth,  when  they  are  moved  by  a  change  of  position  of 
the  masses,  may  even  modify  the  geometrical  surface  by  pro- 
ducing curvature  of  the  meridians  and  parallels  in  small 
spaces,  and  at  very  widely  separated  periods  of  time ;  the 
physical  surface  of  the  oceanic  parts  of  our  globe  is  peri- 
odically subjected  to  a  change  of  place  in  the  masses,  occa- 
sioned by  the  ebbing  and  flowing  (or  in  other  words  the 
local  depression  and  elevation)  of  the  fluid  element.  The 
inconsiderable  amount  of  the  effects  of  gravity  in  continental 
regions  may  indeed  render  a  gradual  change  inappreciable  to 
actual  observation  j  and  according  to  Bessers  calculation,  in 
order  to  increase  the  latitude  of  a  place  by  a  change  of  only 
1",  it  must  be  assumed  that  there  is  a  transposition  in  the 
interior  of  the  earth  of  a  mass,  whose  weight  (its  density 
being  assumed  to  be  that  of  the  mean  density  of  the  earth)  is 
that  of  7296  geogi*aphical  cubic  miles.*  However  large  the 
volume  of  this  transposed  mass  may  appear  to  us  when  we 
compare  it  with  the  volume  of  Mont  Blanc,  or  Chimborazo, 
or  Kintschindjinga,  our  surprise  at  the  magnitude  of  the 
phenomenon  soon  diminishes  when  we  remember  that  our 
terrestrial  spheroid  comprises  upwards  of  1696  hundreds  of 
millions  of  such  cubic  miles. 

Three  different  methods  have  been  attempted  although 
with  unequal  success  for  solving  the  problem  of  the  figure  of 
the  earth  whose  connection  with  the  geological  question  of 
the  earlier  liquid  condition  of  the  rotating  planetary  bodies 
was  known  at  the  brilliant  epoch  of  Newton,  Huygens 
and   Hooke.*     These    methods    were    the    geodetico-astro* 

*  Bessel,  Ueher  den  Emjkbsa  der  Verdndenmgen  dea  Erdhdrpera  auf  die 
PcJMh&dy  in  Lindenau  und  Bohnenberger,  Zeitschrift  fUr  Astronomie, 
Bd.  V,  1818,  8.  29.  "  The  weight  of  the  earth,  expressed  in  Qerman 
pounds=9933  x  10.^,  and  that  of  the  transposed  mass  =  947  x  lO.'!" 

'  The  theoretical  labours  of  that  time  were  followed  by  those  of 
Maclaurin,  Clairaut,  and  d'Alembert,  by  Legendre  tind  by  Laplace. 
To  this  latter  period  we  may  add  the  theorem  advanced  by  Jacobi,  in 
1834,  that  ellipsoids  of  three  unequal  axes  may,  under  certain  conditions, 
represent  the  figures  of  equilibrium  no  less  than  the  two  previously- 
indicated  ellipsoids  of  rotation. — See  the  treatise  of  this  writer,  whose 
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noxnical  measurement  of  a  degree,  pendulum  ezpenmenti^ 
and  calculations  of  the  inequalities  in  the  latitude  and  longi- 
tude of  the  moon.  In  the  application  of  the  first  method 
two  separate  processes  are  required,  namely,  measurements 
of  a  degree  of  latitude  on  the  arc  of  a  meridian,  and  mea- 
surements of  a  degree  of  longitude  on  different  parallels. 

Although  seven  years  have  now  passed  since  I  brought 
forward  the  results  of  Bessel's  important  labours,  in  refer- 
ence  to  the  dimensions  of  our  globe,  in  my  General  Delineation 
of  Nature,  his  work  has  not  yet  been  supplanted  by  any  one 
of  a  more  comprehensive  character,  or  basied  upon  more  recent 
measurementti  of  a  degree.  An  important  addition  and  great 
improvements  in  this  department  of  inquiry  may,  however, 
be  expected  on  the  completion  of  the  Kussian  geodetic  mea- 
surements, which  are  now  nearly  finished,  and  which,  as  ther 
extend  almost  from  the  North  Cape  to  the  Black  Sea,  wiU 
afford  a  good  basis  of  comparison  for  testing  the  accuracy  of 
the  results  of  the  Indian  survey. 

According  to  the  determinations  published  by  Bessel  in 
the  year  1841,  the  mean  value  of  the  dimensions  of  our 
planet  was,  according  to  a  careful  investigation^  of  ten  mea 

early  death  has  proved  a  severe  loss  to  science,  in  PoggendorfiTs  Annfilen 
der  Phytik  wad  Ckemie,    Bd.  xxziii,  1834,  s.  229—233. 

7  The  first  accurate  comparison  of  a  lai^e  number  of  geodetic  mea- 
surements (including  those  made  in  the  elevated  plateau  of  Quito,  two 
East  Indian  measurements,  together  with  the  French,  English,  and 
recent  Lapland  observations)  was  successfully  effected  by  Walbeck,  at 
Abo,  in  1819.  He  found  the  mean  value  for  the  earth's  ellipticity  to  be 
9  6a.Sn>  ^^^  ^hat  of  a  meridian  degree  57009.758  toises,  or  324,628  feet 
Unfortunat^ely  his  work,  entitled  Be  Forma  et  Magnitvdme  TeUwrU  has 
not  been  published  in  a  complete  form.  Excited  by  the  encouragement 
of  Gauss,  Eduard  Schmidt  was  led  to  repeat  and  correct  his  results  in  his 
admirable  Handbook  of  Mathematical  Geography,  in  which  he  took  into 
account  both  the  higher  powers  given  for  the  ellipticity,  and  the  lati- 
tudes observed  at  the  intermediate  points,  as  well  as  the  Hanoverian 
measurements  and  those  which  had  been  extended  as  far  as  Formentera 
by  Biot  and  Arago.  The  results  of  this  comparison  have  appeared  in 
three  forms,  after  undergoing  a  gradual  correction,  namely,  in  Gauss's 
Bestimmvmg  der  BreUemmterachiwte  von  Odttingen  undAU(ma  1828,  s.  82 ; 
in  Eduard  Schmidt's  Lehrbuch  der  Mathem.  wid  Phys.  Oeographie,  1829, 
Th.  1,  s.  188, 194—199 ;  and  lastly  in  the  preface  to  the  latter  work 
(s.  5).  The  last  result  is,  for  a  meridian  degree  57008.655  toises,  or 
324,261  feet ;  for  the  ellipticity,  tfl,V^?o-  Bessel's  first  work  of  1 880  had 
been  immediately  preceded  by  Auy's  treatise  on  ih»  Figure  of  the  iarth^ 
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snrements  of  degrees,  as  follows  : — The  semi-axis  major  of  a 
rotating  spheroid,  a  form  that  approximates  most  closely  to 

in  the  Encydopsedia  Metropolitana.  Ed.  of  1849,  pp.  220—289.  (Here 
the  semi-polar  axis  was  given  at  20,853,810  feet=3949.585  miles,  the 
semi-eqiiatorial  axis  at  20,923,713  feet=3962.824  miles,  the  meridian 
quadrant  at  32,811,980  feet,  and  the  ellipticity  at  tt^Vtt)-  ^^  great 
astronomer  of  Konigsberg  was  uninterruptedly  engaged,  from  1886  to 
1842,  in  calculations  regarding  the  figure  of  the  earth,  and  as  his  earlier 
works  were  emended  by  subsequent  corrections,  the  admixture  of  re- 
sults of  investigations  at  dififerent  periods  of  time  has,  in  many  works, 
proved  a  source  of  great  confusion.  In  mmibers,  which  from  their  very 
nature  are  dependent  on  one  another,  this  admixture  is  rendered  still 
more  confusing  from  the  erroneous  reduction  of  measurements ;  as,  for 
instance,  toises,  metres,  English  feet,  and  miles  of  60  and  69  to  the 
.equatorial  degree;  and  this  is  the  more  to  be  regretted  since  many 
works,  which  have  cost  a  very  large  amoimt  of  time  and  labour,  are 
thus  rendered  of  much  less  value  than  they  otherwlBe  would  be.  In 
the  summer  of  1837,  Bessel  published  two  i^eatises,  one  of  which  was 
devoted  to  the  consideration  of  the  influence  of  the  irregularity  of  the 
earth's  figure  upon  geodetic  measurements,  and  their  comparison  with 
astronomical  determinations,  whilst  the  other  gave  the  axes  of  the  ob- 
late spheroid,  which  seemed  to  correspond  most  closely  to  existing 
measurements  of  meridian  arcs  (SchuuL  Attr.  Nachr.  bd.  xiv.  No. 
829,  8.  269,  No.  833,  s.  345).  The  results  of  his  calculation  were 
8271953.854  toises  for  the  semi-axis  major;  3261072.900  toises  for 
the  semi-axis  minor ;  and  for  the  length  of  a  mean  meridian  degree^ 
that  is  to  say,  for  the  ninetieth  part  of  the  eartVs  quadrant  (vertically 
to  the  equator),  57011.453  toises.  An  error  of  68  toises,  or  440.8  feet, 
which  was  detected  by  Puissant,  in  the  mode  of  calculation  that 
had  been  adopted,  in  1808,  by  a  CommiBsion  of  the  National  Institute 
for  determining  the  distance  of  the  parallels  of  Montjouy,  near 
Barcelona,  and  Mola  in  Formentera,  led  Bessel,  in  the  year  1841, 
to  submit  his  previous  calculations  regarding  the  dimensions  of  the 
earth  to  a  new  revision.  (Schum.  A8tr.  Nachr,  Bd.  xix.  No.  438, 
s.  97 — 116).  This  correction  yielded  for  the  length  of  the  earth's 
quadrant  5131179.81  toises,  instead  of  5130740  toises,  which  had 
been  obtained  in  accordance  with  the  first  determination  of  the  metre ; 
and  for  the  mean  length  of  a  meridian  degree,  57013.109  toises, 
which  is  about  0.611  of  a  toise  more  than  a  meridian  degree,  at 
45^  lat.  The  numbers  given  in  the  text  are  the  result  of  Bessel's  latest 
calculations.  The  length  of  the  meridian  quadrant,  5181180  toises, 
with  a  mean  error  of  256.63  toises,  is  therefore=10000856  metres,  which 
would  tnerefore  give  40003428  metres,  or  21563.92  geographical  miles, 
for  the  entire  circtmiference  of  the  earth.  The  difi'ereuce  between  the 
original  assumption  of  the  Commisnon  des  Poids  et  Mesures,  according  to 
which  the  metre  was  the  forty-millionth  part  of  the  earth's  circumfer- 
ence, amoimts  for  the  entire  circumference  to  8423  metres,  or  1756.27 
Ivises,  which  is  almost  two  geographical  miles,  or  more  accurately 
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by  one  of  the  members,  at  a  meeting  of  the  Academy,  ac- 
cording to  which  the  weight  of  a  body  must  be  less  at  the 
equator  than  at  the  pole,  in  consequence  of  the  rotation  of 
the  earth."  He  adds  doubtfully,  that  although  it  would 
appear  from  certain  experiments  made  in  London,  Lyons, 
and  Bologna,  as  if  the  seconds-pendulum  must  be  shortened 
the  nearer  we  approach  to  the  equator;  yet  on  the  other 
hand  he  was  not  sufficiently  convinced  of  the  accuracy 
of  the  measurements  adduced,  because  at  the  Hague,  not- 
withstanding its  more  northern  latitude,  the  pendulum 
lengths  were  found  to  be  precisely  the  same  as  at  Paris. 
The  periods  at  which  Newton  first  became  acquainted  with 
the  important  pendulum  results  that  had  been  obtained  by  * 
Eicher  as  early  as  1672,  although  they  were  not  printed 
until  1679,  and  at  which  he  first  heard  of  the  discovery  that 
bad  been  made  by  Cassini,  before  the  year  1666,  of  the  com- 
pression of  Jupiter's  disc,  have  unfortunately  not  been  re- 
corded  with  the  same  exactness,  as  the  fa^  of  his  very  tardy 
acquaintance  with  Picard's  measurement  of  a  degree.  La  an 
age  so  remarkable  for  the  successfulemulation  that  distinguished 
the  cultivators  of  science,  and  when  theoretical  views  led  to 
the  prosecution  of  observations,  which  by  their  results  re- 
acted in  their  turn  upon  theory,  it  is  of  great  interest  to  the 
history  of  the  mathematical  establishment  of  physical  as- 
tronomy, that  individual  epochs  should  be  determined  with 
accuracy. 

Although  direct  measurements  of  meridian  and  parallel 
degrees  (the  former  especially  in  the  cas)«  of  the  French 
measurement  of  a  degree**  between  the  latitudes  14°  42' 
and  47°  30',  and  the  latter  by  the  comparison  of  points  lying 
to  the  east  and  west  of  the  Italian  and  Maritime  Alps)," 
exhibit  great  deviations  from  the  mean  ellipsoidal  figure  of 
the  earth,  the  variations  in  the  amount  of  ellipticity  given 
by  pendulum  lengths  (taken  at  different  geographical  points 
and  in  different  groups)  are  very  much  more  striking.  The 
determination  of  the  figure  of  the  earth  obtained  from  the 

"  Delambre,  BcLse  du  Syst.  MHriquej  t.  iii,  p.  548. 

**  Cosmos,  vol.  i,  p.  169.  Plana,  Opirationa  GiocUsiques  et  AstroTUh 
miques  poivr  la  Mesv/re  cPun  Arc  du  ParalUle  Moyen,  t.  ii,  p.  847; 
Carlini  in  the  Effemeridi  Astronomiclie  di  MUano  per  Vwnno  1842, 
n.  57. 
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m  WMttj  iostxiicesy  azid  in.  both  kenispbeRBy  tini  there  is  an 
mpfKeaMts  inftnsa»  exezted  bj  ajiiiiunudiiig  denser  rooks, 
(baailL  zreaistoiie»  diorrve,.  «wi  nwi^^hTTer  in  c^ipositian  to 
EpenBeaJW  Hghiiar  secoodur  and  tertfiuy  frmuttioiw,)  in  the 
anne  mannar  as  ToLcainie  ^u»feP  influence  giaviljf  and 
angaiait  its  intia^tx.  H^nr  olT  the  anomalies  whidi  pre- 
aeated  thtemsetres  in  these  ocearrairibiis  do  not,  however, 
admit  of  beiiig  explamfid  bj  anj  Tisible  gecdogicii  characters 
cfthesotL 

For  the  aouthen  h«mi$phcie  wv  potaeaa  a  small  number 
of  admirable,  bat  tcxt  widclj  diftecMi  oheerrations  made  by 
Aejcinet,  Daperrer.  Fallow^  liktke^  Bnsbane  and  fiumker. 
Thffle  obeerraiicns  haT«  cozidmied  a  l^ct  wbich  had  been 
striHngh'  deffloastrated  in  the  nonhan  hemi^here,  namely, 
that  the  int^asitj  of  graTity  is  not  the  same  fer  all  places 
hating  the  same  latitu^ie.  and  that  the  increase  of  gravity 
£tam  the  equator  tovan^  the  poles  appears  to  be  subjected 
to  di^ient  lavs  under  ditieiviit  miaidians.  AHhou^  the 
pendulum  measuK^nonts  made  br  Laeaille  at  the  Cape  of 
Good  Hope,  and  those  conducted  in  the  Sptinish  circumnavi- 
gating expeviitiom  by  M^uaspiua*  may  have  kd  to  the  belief 
that  the  soothem  hemisph^  is  in  general  much  more  com- 
pressed than  the  northern,  eompar^^ns  made  between  the 
Falkland    Islands   and  !New  HoLiud  on  the    one  hand. 


led  to  an  error  in  th«  ctJcuIatkvx  and  h»d  ncdered  a  corTveiion 
wmrj  as  earij  as  175d»  vwheu  a  »>iiii»vliat  obscure  one  was  pren  \j  tfaa 
Cheralkr  de  Baat«>  on  account  oi  the  difervooe  in  tlw  loss  of  vo^it 
of  flolid  bodiesv  vbdn  th«T  are  either  at  i«5t  in  a  ftuid.  or  impelled  in  a 
vibtatCHrj  motion.  Bees«l  with  hi$  usual  anal3rticad  ci^flurness  laid  down 
tike  fouowiiur  axiv^a  in  his  l'iU«rttbCfimn'jir»  te.>«r  «f.V  JLi»ij9  dec  eimfaekt» 
&niJKfcr«p«iirf*,  &  32«  63;  !:&> — ^12^.  "-^Vhen  a  bodr  is  moTing  in  a 
fluid  ,the  aUnoeph^e^  the  latter  belong  with  it  to  the  mored  8]ntemy 
and  the  moring  force  must  be  distributed  not  only  oxer  the  puticles 
of  the  solid  mored  bodj,  but  also  OTer  ail  the  mo  red  particles  of  the 
fluid."  On  the  experiments  of  Sabine  and  Bulr,  which  originated  in 
Besed's  pncdcailj  important  pendulum  conection  induction  to  a 
vacoam)^  see  JohnHenchelin  the  Jfowtr  o/Fmneii  Bailiff  lS4d»  ppi 
17— «L 

^  CotmMj  Tol  i  pL  159.  Compare,  for  the  phenomena  otimilijig  in 
islands,  Sabine  Pemd.  Erptr.  IS::^.  p.  237,  and  Lutke,  i>^^  4m  PendmU 
immariabky  eucuiea  de  1S26— 1S29,  pc  241.  This  work  contains  a 
icmaikable  table,  pc  239,  on  the  nature  of  the  rocks  occciring  at  16 
pendulum  stationa^  from  SpitzNrrsr^n  (79°  $0*  N.  I^t.)  to  Talixiru* 
(33"  ^  &  Iiat> 
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and  Uefw  York,  Dunkirk^  and  Barcelona  on  the  other, 
have,  however,  by  their  more  exact  results  shown  that 
the  contraiy  is  the  case,  as  I  have  already  elsewhere  in- 
dicated" 

From  the  above  data,  it  follows  that  the  pendulum  (al- 
j  though  it  is  by  no  means  an  unimportant  instrument  in 
geognostic  observations,  being  as  it  were  a  lorfc  of  plummet 
cast  into  the  deep  and  imseen  strata  of  the  earth)  does  not 
determine  the  form  of  our  planet  with  the  same  exactitude 
as  the  measurement  of  a  degree,  or  the  movements  of  our 
fiatellite.  The  concentric,  elliptical,  and  individually  homo- 
geneous strata,  which  increase  in  density  according  to  certain 
functions  of  distance  from  the  surface  towards  the  centre  of 
the  earth,  may  give  rise  to  local  fluctuations  in  the  intensity 
of  gravity  at  individual  points  of  the  earth's  surface,  which 
differ  according  to  the  character,  position,  and  density  of  the 
several  points.  If  the  conditions  which  produce  these  devi- 
ations are  much  more  recent  than  the  consolidation  of  the 

^  Cosmos,  voL  i,  p.  161.  Eduard  Schmidt  {McUhem,  und  Phys,  Oeo- 
graphde,  Th.  i,  a  394),  has  separated  from  a  large  number  of  the  pen- 
dulum observations  which  were  made  on  board  the  corvettes  Descubierta 
and  Atrevida^  under  the  command  of  Malaspina,  those  thirteen  stations 
which  belong  to  the  southern  hemisphere,  from  which  he  obtained  a 
mean  compression  of  77^.-37.  Mathieu  obtained  y^.7  from  a  compa- 
rison of  Lacaille's  observations  at  the  Cape  of  Good  Hope  and  the  Isle 
of  France  with  Paris,  but  the  instruments  of  measurement  used  at  that 
day  did  not  afford  the  same  certainty  as  we  now  obtain  by  the  appli- 
ances of  Borda  and  Kater,  and  the  more  modem  methods  of  observa- 
tion. The  present  would  seem  a  fitting  place  to  notice  the  beautiful 
experiments  of  Foucault,  which  afford  so  high  a  proof  of  the  ingenuity 
of  the  inventor,  and  by  which  we  obtain  ocular  evidence  of  the  rotation 
of  the  earth  on  its  axis  by  means  of  the  pendulum,  whose  plane  of 
vibration  slowly  rotates  from  east  to  west.  {OoTnptes  rendus  de  VAcad, 
des  Sc.,  Stance  du  3  Pivrier,  1851,  t.  xxxii,  p.  135).  Experiments  for 
noticing  the  deviation  towards  the  east  in  observations  of  falling 
bodies,  dropped  from  church  towers  or  into  mines,  as  suggested  by 
Benzenbeig  and  Reich,  require  a  very  great  height,  whilst  Foucault'a 
apparatus  makes  the  effects  of  the  earth's  rotation  perceptible  with  a 
pendulum  only  six  feet  long.  We  must  not  conf oimd  the  phenomena 
which  may  be  explained  by  rotation  (as,  for  instance,  Richer^s  clock 
experiments  at  Cayenne,  diurnal  aberration,  the  deviation  of  projectiles, 
trade  winds,  etc.),  with  those  that  may  at  any  time  be  produced  by 
Foucault's  apparatus,  and  of  which  the  members  of  the  Acadjemia  M 
Cimento  appear  to  have  had  some  idea,  although  they  did  not  farther 
derelope  it   (Antinori,  in  the  Compks  rendus,  t»  xxxii,  p.  635). 
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• 

oater  crast,  the  figure  of  the  sur&ce  cannot  be  aBSomed  to 
be  locally  modified  by  the  internal  motion  of  the  fosed 
masses.  The  difEerence  of  the  results  of  penduhun  measure- 
ments is  howeyer  much  too  great  to  be  ascribed  at  the  pre- 
sent day  to  errors  of  observation.  Even  where  a  coinci- 
dence in  the  results,  or  au  obvious  r^ularity  has  been  dis- 
covered by  the  various  grouping  and  combination  of  the 
points  of  observation,  the  pendulum  always  gives  a  greater 
ellipticity  (vaiying  between  the  limits  ^jr  ^^^  ttit)  ^«^^<^ 
could  have  been  deduced  from  the  measurements  of  a  degree. 
If  we  take  the  ellipticity  which,  in  accordance  with 
Bessel's  last  determination,  is  now  generally  adopted, 
''^^^Boxiely,  Tnhrrwf  ^^  ^^^^  ^^  ^^^  ^^^  bulging''  at  the 

^  In  Qredon  antiquity  two  regions  of  the  earth  were  designated  as 
being  characterised,  in  accordance  -with  the  prevalent  opinions  of  the 
time,  by  remarkable  protuberances  of  the  surface,  namely,  the  high 
north  of  Asia  and  the  land  lying  under  the  equator.  "  The  high  and 
naked  S<^^thian  plains,"  says  Hippocrates  {de  Aert  tt  Aquit  §  ziz,  p.  72, 
Littr^),  "without  being  crowned  by  mountains  stretch  far  upwiurd  to 
the  meridian  of  the  Bear."  A  similar  opinion  had  preyioualy  been 
ascribed  to  Empedocles  (Plut.  de  Plac  PhUos,  ii,  8).  .^jristotle  {Meteor, 
i,  1  a  15,  p.  66,  Ideler)  says  that  the  older  meteorologists,  according  to 
whose  opinions  the  sun  "  did  not  go  under  the  earth,  but  passed  round 
it,"  considered  that  the  protuberances  of  the  easHa.  towards  the  north 
were  the  cause  of  the  disappearance  of  the  sun,  or  of  the  production  of 
night.  And  in  the  compilation  of  the  Problems  (xxvi,  15,  page  9il, 
Bekker),  the  cold  of  the  north  wind  was  ascribed  to  the  elevation  of 
the  soil  in  this  r^on  of  the  earth,  and  in  all  these  passages  there  is 
no  reference  to  mountains,  but  merely  to  a  bulging  of  the  earth  into 
elevated  plateaux.  I  have  already  elsewhere  shown  {Aais  Oenirale,  t.  i^ 
p.  58)  that  Strabo,  who  alone  makes  use  of  the  very  characteristic  word 
ipoirkSuLf  says  that  the  difference  of  climate  which  arises  from  geogra- 
phical position  must  everywhere  be  distinguished  from  that  which  we 
ascribe  to  elevation  above  the  sea,  in  Armenia  (zi,  p.  522,  Casaub.),  in 
Lycaonia,  which  is  inhabited  by  wild  asses  (xii,  p.  568),  and  in  Upper 
India,  in  the  auriferous  country  of  the  Derdi  (zv,  p.  706).  ''  Even  in 
southern  parts  of  the  world,"  says  the  geographer  of  Amasia,  "eveiy 
high  district,  if  it  be  also  a  plain,  is  cold "  (ii,  p.  73).  Eratosthenes 
and  Polybius  ascribe  the  veiy  moderate  temperature  which  prevails 
under  the  equator  not  only  to  the  more  rapid  transit  of  the  sun 
(Oeminus,  Mem.  Asiron,  c.  13,  Cleom.  Cyd.  Theor.,  1, 6),  but  more  espe- 
cially to  the  bulging  of  the  earth  (See  my  Eaximen  Orit,  de  la  04ogr, 
t,  ill,  pp.  150 — 152).  Both  maintain,  according  to  the  testimony  of 
Strabo  (ii,  p.  97),  "  that  the  district  lying  immediately  below  the  equator 
is  the  highest,  on  which  account  much  rain  falls  there,  in  consequence 
of  the  very  hicge  accumulation  of  northern  clouds  at  the  period  when 
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equator  amounts  to  about  645,457  feet ;  about  11|-,  or  more 
accurately,  11.492  geographical  miles.     As  a  comparison  has 

those  winds  prevail,  which  change  with  the  season  of  the  year."  Of 
these  two  opinions  regarding  the  elevation  of  the  land  in  Northern 
Asia  (the  Scythian  Europe  of  Herodotus)  and  in  the  equatorial  zone,  the 
former  of  the  two,  with  the  pertinacity  characteristic  of  error,  has  kept 
its  ground  for  nearly  two  thousand  years,  and  has  given  occasion  to  the 
geological  myth  of  an  uninterrupted  plateau  in  the  Tartar  district 
lying  to  the  north  of  the  Himalayas,  whilst  the  other  opinion  could  only 
be  justified  in  reference  to  a  portion  of  Asia,  lying  beyond  the  tropictd 
zone,  and  consequently  applies  only  to  the  colossal,  ''  elevated  or 
mountain  plateau,  Meru/'  which  is  celebrated  in  the  most  ancient  and 
noblest  memorials  of  Indian  poetry.  (See  Wilson's  IHct.  Scmsa-U  <md 
Engliak,  1832,  p.  674,  where  the  word  Meru  is  explained  to  signify  im 
elevated  plateau).  I  have  thought  it  necessary  to  enter  thus  circum- 
stantially into  this  question,  in  order  that  I  might  refute  the  hypothesis 
of  the  intellectual  Fr^ret,  who,  without  indicating  any  passages  from 
Greek  writers,  and  merely  alluding  to  one  which  seemed  to  treat  of 
tropical  rain,  interprets  the  opinion  advanced  regarding  bulgings  of  the 
soil  as  having  reference  to  compression  or  elongation  at  the  poles.  In 
the  M&fn,  de  VAcad.  desInacripHonSf  t.  xviii,l753,  p.  112,  Fr^ret  expresses 
himself  as  follows :—  ''  To  explain  the  rains  which  prevailed  in  those 
equinoctial  r^ons,  which  the  conquests  of  Alexander  first  made  known, 
it  was  supposed  that  there  were  currents  which  drove  the  clouds  from 
the  poles  towards  the  equator,  where,  in  default  of  mountains  to  stop 
their  progress,  they  were  arrested  by  the  general  elevation  of  the  soil, 
whose  Burfieuse  at  the  equator  is  farther  removed  from  the  centre  than 
under  the  poles.  Some  physicists  have  ascribed  to  the  globe  the  figure 
of  a  spheroid,  which  bulges  at  the  equator  and  is  flattened  towards  the 
poles,  while  on  the  contrary,  in  the  opinion  of  those  of  the  ancients  who 
believed  that  the  earth  was  elongated  towards  the  poles,  the  polar 
regions  are  farther  removed  than  the  equatorial  zone  from  the  centre 
of  the  earth.*'  I  can  find  no  evidence  in  the  works  of  the  ancients  to 
justify  these  assertions.  In  the  third  section  of  the  first  book  of  Strabo 
(page  48,  Casaub.),  it  is  expressly  stated  that,  ''  after  Eratosthenes  has 
observed  that  the  whole  eaith  is  spherical,  although  not  like  a  sphere 
that  has  been  made  by  a  turning-lathe  (an  expression  that  is  borrowed 
from  Herodotus,  iv.  86),  and  exhibits  many  deviations  from  this  form, 
he  adduces  numerous  modifications  of  shape  which  have  been  produced 
by  the  action  of  water  and  fire,  by  earthquakes,  subterranean  currents 
of  wind  (elastic  vapours?),  and  other  causes  of  the  same  kind,  which, 
however,  are  not  given  in  the  order  of  their  occurrence,  for  the  rotun- 
dity of  the  entire  earth  results  from  the  co-ordination  of  the  whole,  such 
modifications  in  no  degree  afiecting  the  general  form  of  our  earth,  the 
lesser  vanishing  in  the  greater.**  Subsequently  we  read,  also  in  Gros- 
kurd*s  admirable  translation,  "that  the  earth,  together  with  the  sea,  is 
spherical,  the  two  constituting  one  and  the  same  surface.  The  projec- 
tion <^  the  land,  which  is  inconsiderable  and  may  remain  unnoticed  is 
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qtdte  three  times  as  great  as  the  elevation  of  the  highest  of 
our  mountains  above  the  sea*s  level,  but  it  is  almost  five 
times  as  great  as  that  of  the  eastern  plateau  of  Thibet. 
.  We  ought  here  to  observe  that  the  results  of  the  earth's 
compression,  which  have  been  obtained  by  mere  measure- 
ments of  a  degree,  or  by  combinations  of  the  former  with 
pendulum  measurements,  show  far  less  **  considerable  differ- 
ences in  the  amount  of  the  equinoctial  bulging  than  we 
should  have  been  disposed  at  first  sight  to  conclude  from  the 
fractional  numbers.  The  difference  of  the  polar  compres- 
sions (y^  and  -y^)  amounts  to  only  about  7000  feet  in 
the  difference  of  the  major  and  minor  axes,  basing  the  calcu- 
iation  on  both  extreme  numerical  limits;  and  this  is  not 
twice  the  elevation  of  the  small  mountains  of  the  Brocken 
and  of  Vesuvius  ;  the  difference  being  only  about  one- tenth 

^  It  has  often  seemed  to  me  as  if  the  amount  of  the  compression  of 
the  earth  was  regarded  as  somewhat  doubtful  merely  from  our  wish 
to  attain  an  unnecessary  degree  of  accuracy.  If  we  take  the  values  of 
khe  compression  at  g-Jiy*  Tio»  t§-u>  TSof  w®  ^^d  that  the  difference  of 
both  radii  is  equal  to  10,554,  10,905,  11,281,  11,684  toises,  or  67,488, 
69,654,  73,137,  74,714  feet.  The  fluctuation  of  30  units  in  the  denomi- 
nator produces  only  a  fluctuation  of  1,130  toises  or  7,126  feet  in  the 
polar  radius,  an  amount  which,  when  compared  with  the  visible  in- 
equalities of  the  earth's  surface  appears  so  very  inconsiderable,  that  I 
am  often  surprised  to  find  that  the  experiments  coincide  within  such 
closely  approximating  limits.  Individual  observations  scattered  over 
wide  surfaces  will  indeed  teach  us  little  more  than  what  we  already 
know,  but  it  would  be  of  considerable  importance  to  connect  together 
all  the  measurements  that  have  been  made  over  the  entire  surface  of 
Europe,  including  in  this  calculation  all  astronomically  determined 
points/'  (Bessel,  in  a  letter  addressed  to  myself,  December,  1828.)  Even 
if  this  plan  were  carried  out,  we  should  then  only  know  the  form  of 
that  portion  of  the  earth,  which  may  be  regarded  as  a  peninsular  pro- 
jection, extending  westward,  about  sixty-six  and  a  half  degrees  from  the 
great  Asiatic  Continent.  The  steppes  of  Northern  Asia,  even  the  mid- 
dle Kirghis  steppe,  a  considerable  portion  of  which  I  have  myself  seen, 
are  often  interspersed  with  hills,  and  in  respect  to  uninterrupted 
levels,  cannot  be  compared  with  the  Pampas  of  Buenos  Ayres,  or  the 
Llanos  of  Venezuela.  The  latter,  which  are  far  removed  irom  all 
mountain  chains  and  consist  immediately  below  the  surface  of  secon- 
dary and  tertiary  strata,  having  a  very  uniform  and  low  degree  of  den- 
sity, might  by  differences  in  the  results  of  pendulum  vibrations,  yield 
▼ery  decisive  conclusions  in  reference  to  the  local  constitution  of  the 
deep  internal  strata  of  the  earth.  —  Compare  my  Views  of  Natwrt, 
pp.  2—8,  29—32. 
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of  the  bulging  irbich  wonld  be  yielded  by  a  polar  oompre»- 
sion  of  ^. 

As  soon  as  it  had  been  ascertained  by  more  accurate  mea- 
sorements  of  a  d^ree,  made  at  very  different  latitudes,  that 
the  earth  could  not  be  uniformly  dense  in  its  interior^  (becaiise 
the  results  showed  that  the  compression  was  very  much 
less  than  had  been  assumed  by  Newton  (7^),  and  much 
greater  than  was  supposed  by  Huygens  (^yy),  who  con- 
sidered that  all  forces  of  attraction  were  combined  in  the 
centre  of  the  earth,)  the  connection  between  the  amount 
of  compression  and  the  law  of  density  in  the  interior  of  our 
earth  necessarily  became  a  Tery  important  object  of  ana- 
lytical  calculation.  Theoretical  speculations  regarding  gravity 
very  early  led  to  the  consideration  of  the  attraction  of  large 
mountain  masses,  which  rise  &eely  and  precipitously  into 
the  atmosphere  from  the  dried  surface  of  our  planet.  New- 
ton, in  his  Treatise  of  the  System  of  the  World  in  a  Popular 
Wanfy  1728,  endeavoured  to  determine  what  amount  of 
deviation  from  the  perpendicular  direction  the  pendulum 
would  experience  from  a  mountain  2,665  feet  in  height  and 
5,330  feet  in  diameter.  This  consideration  very  probably 
gave  occasion  to  the  unsatisfactory  experiments,  winch  were 
made  by  Bouguer  on  Chimborazo,  *   by  Maskelyne    and 

^  Bouguer  who  had  been  induced  by  La  Condamine  to  institute 
experiments  on  the  deviation  of  the  plummet  near  the  mountain  of 
Chimborazo,  does  not  allude  in  his  Figwre  de  la  Terrej  pp.  364 — 894 
to  Newton's  proposition!  Unfortunately  the  most  skilful  of  the  two 
travellers  did  not  observe  on  the  east  and  western  sides  of  the 
colossal  mountain,  having  limited  his  experiments  (December,  1738)  to 
two  stations  lying  on  the  same  side  of  Chimborazo,  first  in  a  south* 
erly  direction  61^  30'  West,  about  4,572  toises  or  29,326  feet  from 
the  centre  of  the  mountain,  and  then  to  the  South  16°  West  (distance 
1,753  toises  or  11,210  feet).  The  first  of  these  stations  lay  in  a  district 
with  which  I  am  well  acquainted,  and  probably  at  the  same  elevation 
as  the  small  alpine  lake  of  Tana^ocha,  and  the  other  in  the  pumice-stone 
plain  of  the  ij'enal  (La  Condamine,  Voyage  d  VEqwxtewTy  pp.  68 — ^70). 
The  deviation  yielded  by  the  altitudes  of  the  stars,  was,  contrary  to  all 
expectation,  only  7.''5  which  was  ascribed  by  the  observers  themselves 
to  the  difficulty  of  making  observations  so  immediately  in  the  vicinity 
of  the  limit  of  perpetual  snow,  to  the  want  of  accuracy  in  their  instru- 
ments, and  above  all  to  the  great  cavities  which  were  conjectured  to 
exist  within  this  colossal  trachytic  mountain.  I  have  already  expressed 
many  doubts,  based  upon  geological  groundd,  as  to  this  assumption  ol 
▼eiy  large  cavities^  and  of  the  very  inconsiderable  mass  of  the  tn** 
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Hutton  on  Slieb  allien,  near  Blair- Athol,  in  Perthshire ;  to 
the  comparison  of  pendulum  lengths  on  a  plain  lying  at  an 
elevation  of  6000  feet  and  at  the  level  of  the  sea  (as  for 
instance  Oarlini's  observations  at  the  Hospice  of  Mont  Cenis, 
and  Biot  and  Mathieu's at  Bordeaux);  and  lastly  to  the  deli- 
cate and  thoroughly  decisive  experiments  undertaken  in  1837 
by  Reich  and  Bailey  with  the  ingeniously  constructed  torsion- 
balance  which  was  invented  by  John  Mitchell  and  subse- 
quently given  to  Cavendish  by  Wollaston."  The  three 
modes  of  determining  the  density  of  our  planet  (by  vicinity 
to  a  mountain  mass,  elevation  of  a  mountainous  plateau,  and 
the  balance)  have  already  been  so  circumstantially  detailed 
in  a  former  part  of  the  Cosmos  (voL  i,  p.  158),  that  it  only 
remains  for  us  to  notice  the  experiments  given  in  Reich's 
new  treatise,  and  prosecuted  by  that  indefatigable  observer 
during  the  interval  between  the  years   1847  and  1850.'' 

chytio  dome  of  Chimborazo.  South-south-east  of  this  mountftin,  near 
the  Indian  village  of  Calpi,  lies  the  yolcanic  cone  of  Tana-urcu,  which 
I  carefully  investigated  in  concert  with  Bonpland,  and  which  is  cer- 
tainly of  more  recent  origin  then  the  elevation  of  the  great  dome- 
shaped  traohytic  mountain,  in  which  neither  I  nor  Boussingault  could 
discover  anything  analogous  to  a  crater.  See  the  AacefiU  of  Chimboraao 
in  my  KlevM  Schrifien,  Bd.  i,  s.  138. 

*  Baily,  Exptr,  wUh  the  Torsion  Rod  for  determining  the  mean  density 
of  the  eikhf  1843,  p.  6 ;  John  Herschel,  Memow  of  Francis  BaUy, 
1845,  p.  24. 

^  Reich,  Neue  VerswhemU  der  Drehwage,  in  the  AhhamdL  der  mathem. 
fhysischen  Classe  der  KOn.  Sachsiscken  GeseUsckaft  der  Wissenschafien  sm 
Letpeiff,  1852,  Bd.  i,  s.  405,  418.  The  most  recent  experiments  of  my 
respected  friend  Professor  Belch,  approximate  somewhat  more  closely 
to  the  results  given  in  Baily's  admirable  work.  I  have  obtained  the 
mean  5.5772  from  the  whole  series  of  experiments :  (a)  with  the  tin 
ball  and  the  longer  thicker  copper  wire,  the  result  was  5.5712,  with  a 
probable  error  of  0.0113 ;  (b)  with  the  tin  ball,  and  with  the  shorter 
thinner  copper  wire,  as  well  as  with  the  tin  ball  and  the  bi-filar  iron 
wire,  5.5832,  with  a  probable  error  of  0.0149.  Taking  this  error  into 
account  the  mean  in  (a)  and  (b)  is  5.5756.  The  result  obtained  by  Baily, 
and  which  was  certainly  deduced  from  a  larger  number  of  experiments 
(5.660),  might  indeed  give  us  a  somewhat  higher  density,  as  It  obviously 
rose  in  proportion  to  the  greater  lightness  of  the  balls  that  were  used 
in  the  experiments,  which  wero  either  of  glass  or  ivory.  (Reich  in 
Poggend.  Anna^,  Bd.  Ixxxv,  s.  190.  Compare  also  Whitehead  Heam 
in  the  Philos,  Transact,  for  1847,  pp.  217—229.)  The  motion  of  the 
torsion  balance  was  observed  by  Baily  by  means  of  the  reflection  of  a 
■cale  obtained  from  a  mirror,  which  was  attached  to  the  middle  of  th« 
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''  Carce  do  rintensit^  magn^tique  horizontale  entre  Pans  et 
Naples,"  in  the  Mem.  de  VAcad,  de  Bruxelles,  t.  xiv ;  the 
observations  of  Forbes  in  Germany,  Flanders,  and  Italy  in 
1832  and  1837  (Transact,  of  the  Eoyal  Soc.  of  Edinburgh, 
ToL  XV,  p.  27) ;  the  extremely  accurate  observations  of  Bud- 
berg  in  France,  Germany,  and  Sweden,  1832  ;  the  observa- 
tions of  Dr.  Bache  (Director  of  the  Coasts'  Survey  of  the 
United  States),  1837  and  1840,  at  21  stations  both  in  refer- 
ence to  inclination  and  intensity. 

1806 — 1807.  A  long  series  of  observations  at  Berlin  ca 
the  horary  variations  of  declination  and  the  recurrence  c 
magnetic  storms  (perturbations)  by  Humboldt  and  Oltmanni^ 
mainly  at  the  periods  of  the  solstices  and  equinoxes  for  { 
and  6,  or  even  sometimes  9  days,  and  a£  many  nights  conse 
cutively,  by  means  of  Prony's  magnetic  telescope  which 
allowed  area  of  7  or  8  seconds  to  be  distinguished. 

1812.  Morichini,  of  Bome,  maintained  that  non-magnetic 
steel-needles  become  magnetic  by  contact  with  the  violet 
rays  of  light.  Begarding  the  long  contention  excited  by  this 
assertion  and  the  ingenious  experiments  of  Mrs.  Somer- 
ville,  together  with  the  wholly  negative  results  of  Biess  and 
Moser,  see  Sir  David  Brewster,  Treatise  on  Magnetism,  1837, 
p.  48. 

1823^1826    *  ^®  *^^  circumnavigation  voyages  of  Otto 

von  Kotzebue,  the  first  in  the  Buric,  the  second,  five  years 
later,  in  the  Predprijatie. 

1817 — 1^48.  The  series  of  great  scientific  maritime  expe- 
ditions equipped  by  the  French  Government,  and  which 
yielded  such  rich  results  to  our  knowledge  of  terrestrial 
magnetism ;  beginning  with  Freycinet's  voyage  in  the  cor- 
vette TJranie  1817 — 1820,  and  followed  by  Duperrey  in  the 
frigate  La  Coquille  1822 — 1825,  Bougainville  in  the  frigate 
Thetis  1824—1826,  Dumont  d'Urville  in  the  Astrolabe 
1826—1829,  and  to  the  south  pole  in  the  Z61§e  1837—1840, 
Jules  De  Blosseville  to  India  1828  (Herbert  Asiat,  Be' 
tearchest  vol  xviii,  p.  4,  Humboldt,  Asie  Gent,  t.  iii,  p.  468), 
and  to  Iceland  1833,  (Lottin,  Vog,  de  la  Becherche  1836, 
pp.  376 — 409),  du  Petit  Thouars  with  Tessan  in  the  Yenus 
1837—1839,  le  Vaillant  in  the  Bonite  1836—1837,  the 
voyage  of  the  "  Commission  scientifique  du  Nord  "  (I  ottin, 
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Bravais,  Martins,  Siljestrom)  to  Scaadinavia,  Lapland,  tlie 
Faroe  Islands,  and  Spitzbeigen  in  the  corvette  la  Keclierchc 
1835—1840,  B^rard  to  the  Gulf  of  Mexico  and  North 
America  1838,  to  the  Cape  of  Good  Hope  and  St.  Helena 
1842  and  1846  (Sabine  in  the  Fhih  Transact,  for  lSi% 
pt.  ii,  p.  175),  and  Francis  de  Castlenau,  Voy.  dam  les  parties 
centrales  de  VAmerique  du  8ud  1847—1850. 

1818 — 1851.  The  series  of  important  and  adventurous  ex- 
peditions in  the  ArcticPolar  Seas  through  the  instrumentality 
of  the  British  Government  first  suggested  by  the  praise* 
worthy  zeal  of  John  Barrow;  Edward  Sabine's  magnetic  and 
astronomical  observations  in  Sir  John  Boss's  voyage  to  Davis 
Straits,  Baffin's  Bay,  and  Lancaster  Sound  in  1818,  as  well  as 
in  Parry's  voyage  in  the  Hecla  and  Griper  through  Barrow 
Straits  to  Melville  Island  1819—1820  ;  Franklin,  Richard- 
son, and  Back  1819—1822,  and  again  from  1825—1827, 
Back  alone  from  1833 — 1835,  when  almost  the  only  food 
that  the  expedition  could  obtain  for  weeks  together  was  a 
lichen,  Oyrophord  pustulata,  the  "  Tripe  de  Roche "  of  the 
Canadian  hunters,  which  has  been  chemically  analyzed  by 
John  Stenhouse  in  the  Fhil,  Transact,  for  1849,  pt.  ii,  p.  393 ; 
Parry's  second  expedition  with  Lyon  in  the  Fury  and  Hecla 
1821—1823  j  Parry's  third  voyage  with  James  Ross  1824— 
1825  ;  Parry's  fourth  voyage  when  he  attempted  with  Lieu- 
tenants Foster  and  Crozier  to  penetrate  northward  from 
Spitsbergen  on  the  ice  in  1827,  when  they  reached  the  lati- 
tude 82  45' ;  John  Ross,  together  with  his  accomplished 
nephew  James  Ross,  iu  a  second  voyage  undertaken  at  the 
expense  of  Felix  Booth,  and  which  was  rendered  the  more 
perilous  on  account  of  protracted  detention  in  the  ice,  namely 
from  1829  to  1833 ;  Bease  and  Simpson  of  the  Hudson's 
Bay  Company  1838 — 1839  j  and  more  recently,  in  search  of 
Sir  John  Franklin,  the  expeditions  of  Captains  Ommanney, 
Austin,  Penny,  Sir  John  Ross,  and  PhiUips  1850  and  1851. 
The  expedition  of  Captain  Penny  reached  the  northern  lati- 
tude of  77°  &  Victoria  Channel  into  which  Wellington 
Channel  opens. 

1819 — 1821.  BelHnghausen's  voyage  into  the  Antarctic 
Ocean. 

1819.  The  appearance  of  the  great  work  of  Hansteen  On 
the  Magnetism  oj  the  JSarth,  which,  however,  was  completed 
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as  early  as  1813.  This  work  has  exercised  an  imdoabted 
inflnenoe  on  the  enoonragement  and  better  direction  of  geo- 
magnetic studies,  and  it  was  followed  by  the  author's  general 
chuts  of  the  curves  of  equal  inclination  and  intensity  for  a 
considerable  part  of  the  earth's  sorfiioe. 

1819.  The  observations  of  Admirals  Roussin  and  GiTiy 
on  the  Brazilian  coasts  between  the  mouths  of  the  riyers 
Maranon  and  La  Plata. 

1819 — 1820.  Oersted  made  the  great  discovexy  of  the  &ct 
that  a  conductor  that  is  being  traversed  by  a  closed  elec- 
tric current,  exerts  a  definite  action  upon  the  direction  of 
the  magnetic  needle  according  to  their  relative  positions, 
and  as  long  as  the  current  continues  uninterrupted.  The 
earliest  extensio4  of  this  discovery  (together  with  that  of 
the  exhibition  of  metals  from  the  alkalies  and  that  of  the 
two  kinds  of  polarization  of  light — probably  the  most  bril- 
liant discovery  of  the  century—-)*  was  due  to  Arago's  observ- 
ation, that  a  wire,  through  which  an  electrical  current  is 
passing,  even  when  made  of  copper  or  platinum,  attracts 
and  holds  fast  iron  filings  like  a  magnet,  and  that  needles 
introduced  into  the  interior  of  a  galvanic  helix  become 
alternately  charged  by  the  opposite  magnetic  poles  in  ac- 
cordance with  the  reversed  direction  of  the  coils  (Jnti,  de 
Chim,  et  de  Fhys.,  t.  xv,  p.  93).  The  discovery  of  these 
phenomena,  which  were  exhibited  under  the  most  varied 
modifications,  was  followed  by  Ampere's  ingenious  theore- 
tical combinations  regarding  the  alternating  electro-magnetic 
actions  of  the  molecules  of  ponderable  bodies.  These  com- 
binations were  confirmed  by  a  series  of  new  and  highly 
ingenious  instruments,  and  led  to  a  knowledge  of  the  laws 
of  many  hitherto  apparently  contradictory  phenomena  of 
magnetism. 

1820 — 1824.  Ferdinand  von  Wrangel's  and  Anjou's  ex- 
pedition to  the  north  coasts  of  Sibena  and  to  the  Frozen 
Ocean.  (Important  phenomena  of  polar  light,^  see  th.  ii, 
s.  259.) 

1820.  Scoresby's  Account  of  the  Arctic  Begions ;  experi- 
ments of  magnetic  intensity,  vol.  ii,  p.  537 — 554. 

1821.  Seebeck's    discovery  of    thermo-magnetism    and 

^  MaluB's  (1808)  and  Arago's  (1811)  ordinary  and  chromatic  polari* 
Bation  of  Light.    Se«  Qowim,  toL  ii,  p.  715. 
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thermo-electricity.  The  contact  of  two  unequally  wanned 
metals  (especially  bismuth  and  copper)  or  differences  of  tem- 
perature in  the  indiyidual  parts  of  a  homogeneous  metallic 
ling,  were  recognised  as  sources  of  the  production  of  mag- 
neto-electric currents. 

1821—1823.  WeddeU's  voyage  into  the  Antarctic  Ocean 
as  far  as  kt.  14c''  15'. 

1822 — 1823.  Sabine's  two  important  expeditions  for  the 
accurate  determination  of  the  magnetic  intensity  and  the 
length  of  the  pendulimi  in  different  latitudes  (from  the  east 
coasts  of  Africa  to  the  equator,  Brazil,  Havannah,  Green- 
land as  far  as  lat.  74^  32',  Norway  and  Spitzbergen  in  lat. 
79°  &(f).  The  results  of  these  yeiy  comprehensive  operations 
were  first  published  in  1824  under  iJie  title  of  Account  of 
JSaperimerUs  to  determine  the  JB'igwre  of  the  Earth,  pp.  460 
—509. 

1824.  Erikson's  Magnetic  Observations  along  the  shores 
of  the  Baltic. 

1825.  Arago  discovers  Magnetism  of  Botation,  The  first 
suggestion  that  led  to  this  imexpected  discovery  was 
afforded  by  his  observation  on  the  side  of  the  hill  in  Green- 
wich Park  of  the  decrease  in  the  duration  of  the  oscillations 
of  an  inclination  needle  by  the  action  of  neighbourinfif  non- 
magnetic substances.  In  Arago's  rotation  experiments,  the 
os(nllations  of  the  needle  were  affected  by  water,  ice,  glass, 
charcoal,  and  mercuiy.^ 

1825—1827.  Magnetic  Observations  by  Boussingault  in 
different  parts  of  South  America  (Marmato,  Quito). 

1826—1827.  Observations  of  Intensity  by  Keilhau  at  20 
stations  (in  Einmark,  Spitzbergen,  and  Bear  Island),  bj 
Keilhau  and  Boeck  in  Southern  Geimany  and  Italy  (Schum. 
Attr.  Nachr.  No.  146). 

1826 — 1829.  Admiral  Liitke's  voyage  round  the  world ; 
the  magnetic  part  was  most  carefully  prepared  in  1834  by 
Lenz  (see  Fartie  Nautique  du  Voyage,  1836). 

1826—1830.  Captain  Philip  Parker  King's  Observations 
in  the  southern  poitions  of  the  eastern  and  western  coasts 
of  South  America  (Brazil,  Monte  Video,  the  Straits  of 
Magellan,  Chili,  and  v  alparaiso). 

1827^1839.  Quetelet,  Mat    du  MagnStime    Terrestre 

^  Oomm,  vol  i,  p.  172. 
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(Bruxellea)  pendant  dauze  annees.    Very  accurate  obsenra- 
tions. 

1827.  Sabine,  On  the  determination  of  the  relative  inten- 
sity  of  the  magnetic  terrestrial  force  in  Paris  and  London. 
An  analogous  comparison  between  Fans  and  Christiana  was 
made  by  Hansteen  in  1825 — 1828  {Meeting  of  the  British 
Association  at  Liverpool  1837,  pp.  19 — 23).  The  many 
results  of  intensity,  which  had  been  obtained  by  French, 
English,  and  Scandinavian  travellers,  now  first  admitted  of 
being  brought  mto  numerical  connection  with  oscillating 
needles,  which  had  been  compared  together  at  the  three 
above-named  cities.  These  numbers  which  could  therefore 
now  be  established  as  relative  values  were  fotmd  to  be  for 
Paris  1.348,  as  determined  by  myself,  for  London  1.372 
by  Sabine,  and  for  Christiana  1.423  by  Hansteen.  They 
aU  refer  to  the  intensity  of  the  magnetic  force  at  one 
point  of  the  magnetic  equator  (the  curve  of  no  inclination) 
which  intersects  the  Peruvian  Cordilleras  between  Micui- 
pampa  and  Caxamarca,  in  south  latitude  7^  2^  and  western 
longitude  78"^  48',  where  the  intensity  was  assumed  by 
myself  as  =  1.000.  This  assumed  standard  (Humboldt, 
Becueil  d^Ohserv*  Astr.  vol.  ii,  p.  382 — 385,  and  Voyage  aus 
Regions  JEquin.,  t.  iii,  p.  622)  formed  the  baais,  for  forty 
years,  of  the  reductions  given  in  all  tables  of  intensity  (Gay- 
Lussac  in  the  Mem,  de  la  Societe  d*Arcueil,  t.  i.  1807,  p.  21; 
Hansteen,  On  the  Magnetism  of  the  Earthy  1819,  p.  71 ; 
Sabine,  in  the  Bep,  of  the  British  Association  at  Liverpool^ 
pp.  43—58).  It  has,  however,  in  recent  times  been  justly 
objected  to  on  account  of  its  want  of  general  applicability, 
because  the  line  of  no  inclination^'  does  not  connect  together 

^  "  Before  the  practice  was  adopted  of  determining  ahsdf/uie  vatwSi 
the  most  generally  used  scale  (and  which  still  continues  to  be  vexy  fre- 
quently referred  to),  was  founded  on  the  time  of  vibration,  observed  by 
Mr.  de  Humboldt,  about  the  commencement  of  the  present  century,  at  a 
stationin  the  Andes  of  South  America,  where  the  direction  of  the  dipping 
needle  was  horizontal,  a  condition  which  was  for  some  time  erroneously 
supposed  to  be  an  indication  of  the  minimum  of  magnetic  force  at  the 
earl's  surfieuse.  From  a  comparison  of  the  times  of  vibration  of  Mr.  de 
Humboldt's  needle  in  South  America  and  in  Paris,  the  ratio  of  the 
magnetic  force  at  Paris  to  what  was  supposed  to  be  its  minimum  was 
inferred  (1.348),  and  from  the  results  so  obtained,  combined  with  a 
similar  comparison  made  by  myself  between  Paris  and  London,  in  1827, 
with  several  magnets,  the  ratio  of  the  force  in  London  to  that  of  Mr. 
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the  points  of  feeblest  intensity  (Sabine,  in  the  Phil.  Transact, 
fir  1846,  pt.  iii,  p.  254,  and  in  the  Manttal  ofScient.  Inquiry 
for  the  we  of  the  British  Nany^  1849,  p.  17). 

1828 — 1829.  The  voyage  of  Hansteen  and  Due :  Magne- 
tic observations  in  European  Russia  and  in  Eastern  Siberia 
as  far  as  Irkutsk. 

1828 — 1830.  Adolf  Erman's  voyage  of  circumnavigation, 
with  his  journey  through  Northern  Asia,  and  his  passage 
across  both  oceans,  in  the  Russian  frigate  Krotkoi.  The 
identity  of  the  instruments  employed,  the  uniformity  of  the 
methods  and  the  exactness  of  the  astronomical  determinar 
tions  of  position  will  impart  a  permanent  scientific  reputa- 
tion to  this  expedition,  which  was  equipped  at  the  expense 
of  a  private  individual^  and  conducted  by  a  thoroughly  well- 
informed  and  skilfal  observer.  See  the  general  declination 
Chart,  based  upon  Erman's  observations  in  the  Beport  of  the 
Committee  relat,  to  the  Arctic  Expedition,  1840,  pL  3. 

1828 — 1829.  Humboldt's  continuation  of  the  observations 
begun  in  1800  and  1807,  at  the  time  of  the  solstices  and 
eqidnoxes  regarding  horary  declination  and  the  epochs  of 
extraordinajy  perturbations,  carried  on  in  a  magnetic  pavi- 
lion specially  erected  for  the  purpose  at  Berlin,  and  provided 
with  one  of  Gambey's  compasses.  Corresponding  measure- 
ments were  made  at  St.  Petersburgh,  Nikolajew,  and  in  the 
mines  of  Freiberg,  by  Professor  Reich,  227  feet  below  the 
surface  of  the  soil  Dove  and  Riess  continued  these  observa- 
tions in  reference  to  the  variation  and  intensity  of  the 
hOTizontal  magnetic  force  till  November  1830  (Poggend. 
Amuden.  Bd.  xv,  s.  318—336 ;  Bd.  xix,  s.  375—391,  with 
16  tab. ;  Bd.  xx,  s.  545 — 555). 

1829 — 1834.  The  botanist  David  Douglas,  who  met  his 
death  in  Owhyhee,  by  falling  into  a  trap  in  which  a  wild 
bull  had  previously  been  caught,  made  an  admirable  series  of 

de  Htun'boldt's  origiDal  station  in  South  America  has  been  infeired  to 
be  1.872  to  1.000. ,  This  is  the  origm  of  the  number  1.372,  which  has 
been  generally  employed  by  Briti^  observers.  By  dbsohxte  measure- 
ments we  are  not  only  enabled  to  compare  numerically  with  one 
another  the  results  of  experiments  made  in  the  most  distant  parts  of 
the  globe^  with  a^^aratus  not  previously  compared,  but  we  also  furnish 
the  means  of  comparing  hereafter  the  intensity  which  exists  at  the  pre- 
sent epoch,  with  that  which  may  be  found  at  future  periods."  Sabine, 
fai  the  Mo/nwUfor  the  twe  of  the  British  Navy,  1S49,  p.  17. 
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observations  on  declination  and  intensity  along  the  north- 
west  coast  of  America^  and  upon  the  Sandwich  Islands  as 
Cur  as  the  margin  of  the  crater  of  Kiraneah  (Sabiae^  Mep.  of 
the  Meeting  of  the  British  Association  at  Liverpool^  pp.  27 
—32). 

1829.  Knpfier^  Voyage  au  Mont  Mbrouz  dans  le  Gauease, 
pp.  68—115. 

1829.  Humboldt's  magnetic  observations  on  terrestrial 
magnetism  with  the  simultaneons  astronomical  determina- 
tions of  position  in  an  expedition  in  Nprthem  Asia  under- 
taken by  command  of  the  Emperor  Nicholas,  between  the 
longitudes  11°  3'  and  80°  12'  east  of  Pans,  near  the  Lake 
Dzaisan  as  well  as  between  the  latitudes  of  45°  4-3'  ^the 
island  of  Biiutschicassa  in  the  Caspian  Sea)  to  58°  52  in 
the  northern  parts  of  the  Ural  district  near  Werchotuxie 
(Asie  Centrale,  t.  iii,  pp.  440 — 478). 

1829.  The  Imperial  Academy  of  Sciences  at  St.  Peters- 
burgh,  acceded  to  Humboldt's  suggestion  for  the  establish- 
ment of  magnetic  and  meteorological  stations  in  the  different 
climatic  zones  of  European  and  Asiatic  Russia,  as  well  as  for 
^he  erection  of  a  physical  central  observatory  in  the  capital 
of  the  empire  under  the  efficient  scientific  durection  of  Pro- 
fessor Kupffer.  (See  GosmoSj  toI.  i,  p.  184.  Kupffer  JSUqh^ 
port  adresse  a  VAcad.  de  St.  Fetersbourg  rehiif  a  VOhser" 
vatoire  physique  central,  fonde  aupres  du  Corps  des  Mines^ 
in  Schum.  Astr.  Naehr.  No.  726 ;  and  in  his  Annates  Mag- 
netiques,  p.  xi. )  Through  the  continued  patronage,  which  the 
Finance  Minister,  Count  Cancrin,  has  awarded  to  eveiy 
great  scientific  undertakiBg,  a  portion  of  the  simultaneotuly 
corresponding  observations^  between  the  White  Sea  and 

^  The  first  idea  of  the  utility  of  a  systematic  and  simultaneously  con- 
ducted series  of  magnetic  observations  is  due  to  Celsius,  and^  without 
referring  to  the  discovery  and  measurement  of  the  influence  of  polar 
light  on  magnetic  variation,  which  was,  in  fact,  due  to  his  assistant, 
Olav  Hiorter  (March,  1741),  we  may  mention  that  he  was  the  means  of 
inducing  Graham,  in  the  summer  of  1741,  to  join  him  in  his  inves- 
tigations for  discovering  whether  certain  extraordinary  perturbations, 
which  had  from  time  to  time  exerted  a  horary  influence  on  the 
course  of  the  magnetic  needle  at  XJpsala  had  also  been  observed  at  the 
same  time  by  him  in  London.  A  simultaneity  in  the  perturbationt 
afforded  a  proof,  he  said,  that  the  cause  of  these  disturbances  is  ex- 
tended over  considerable  portions  of  the  earth's  surface,  and  is  not 
dependent  upon  accidentiJ  local  actions    (Celsius^  in  iSventto  VtUik» 
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the  Gnnea,  and  between  the  Gulf  of  Finland  and  the  shores 
of  the  Pacific  in  Kussian  America,  were  begun  as  early  as 
1832.  A  permanent  magnetic  station  was  established  in  the 
old  monastery  at  Pekin,  which,  from  time  to  time  since  the 
reign  of  Peter  the  Great,  has  been  inhabited  by  monks  of 
the  Greek  Church  The  learned  astronomer,  Fuss,  who  took 
the  principal  part  in  the  measurements  for  the  determination 
of  the  difference  of  level  between  the  Caspian  and  the  Black 
Sea  was  chosen  to  arrange  the  first  magnetic  establishments 
in  China.  At  a  subsequent  period  Kupffer  in  his  voyage  of 
circumnavigation  compared  together  all  the  instruments 
that  had  been  employed  in  the  magnetic  and  meteorological 
stations  as  far  east  as  Nertschinuk  in  119°  36'  longitude,  and 
with  the  fundamental  standards.  The  magnetic  observations 
of  Fedorow,  in  Siberia^  which  are  no  doubt  highly  valuable, 
are  still  impublished. 

1830 — 1845.  Colonel  (iraham  of  the  topographical  en- 
gineers of  the  United  States,  made  observations  on  the  mag- 
netic intensity  at  the  southern  boundary  of  Canada  (JPhiL 
Transact,  for  1846,  pt.  iii,  p.  242). 

1830.  Fuss,  Magnetic,  Astronomical,  and  Hypsometrical 
Observations  on  the  journey  from  the  Lake  of  Baikal, 
through  Ergi-Oude,  Durma,  and  the  Gobi,  which  lies  at  an 
elevation  of  only  2525  feet,  to  Pekin,  in  order  to  establish 
the  magnetic  and  meteorological  observatory  in  that  city, 
where  Kovanko  continued  for  10  years  to  prosecute  his 
observations  {Bep.  of  the  Seventh  Meeting  of  the  Brit. 
AMoe»  1837,  pp.  497—499 ;  and  Humboldt,  Am  Gentrale, 
t.  i,  p.  8  j  t.  ii,  p.  141 ;  t.  iii,  pp.  468,  477). 

1831 — 1836.  Captain  Fitzroy  in  his  voyage  round  the 
world  in  the  Beagle,  as  well  as  in  the  survey  of  the  coasts 
of  the  most  southern  portions  of  America,  with  a  Gram- 

$haps  Academiem  ffandlmgar  fir  1740,  p.  44 ;  Hiorter,  op.  cU,  1747» 
p.  27).  As  Aragc  had  recognised  that  the  magnetic  perturbations 
owing  to  polar  light  are  diffused  over  districts,  in  which  the  pheno- 
mena of  fight  wMoh  accompany  magnetic  storms  have  not  been  seen, 
he  devised  a  plan,  by  which  he  was  enabled  to  carry  on  simultaneous 
horary  observations  (in  1823)  with  our  common  friend  Kupff^er,  at 
Kasan,  which  lies  almost  47^  east  of  Paris.  Similar  simultaneous  ob- 
servations of  declination  were  begun  in  1828  by  myself,  in  conjunction 
with  Arago  and  Beich,  at  Berlnif  Paris,  and  Freibeig  (seePoggend. 
AwMdm,  Bd.  ziz,  s.  837). 
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British  magnetic  stations  tbis  opposition  and  the  periodicity 
of  the  horary  variation  in  the  dip  have  been  firmly  estab- 
lished by  several  thousand  regularly  prosecuted  observations, 
which  have  all  been  submitted  to  a  careful  discussion  since 
1840.  The  present  would  seem  the  most  fitting  place  to 
notice  the  £stcts  that  have  been  obtained  as  materials  on 
which  to  base  a  general  theory  of  terrestrial  magnetism. 
It  must,  however,  first  be  observed,  that  if  we  consider  the 
periodical  variations  which  are  recognised  in  the  three  ele- 
ments of  terrestrial  magnetism,  we  must,  with  Sabine,  dis- 
tinguish in  the  turning  hours  at  which  the  maxima  or 
minima  occur,  two  greater,  and  therefore  more  important,  ex- 
tremes, and  other  slight  variations,  which  seem  to  be  inter- 
calated amongst  the  others,  as  it  were,  and  which  are  for  the 
most  part  of  an  irregular  character.  The  recurring  move- 
ments of  the  horizontal  and  dipping  needles,  as  well  as  the 
variation  in  the  intensity  of  the  total  force,  consequently 
present  principal  and  secondaiy  maxima  or  minima,  and 
generally  some  of  either  type,  which  therefore  constitutes  a 
double  progression  with  four  turning  hours  (the  ordinary 
case),  and  a  simple  progression  with  two  turning  hours,  that 
is  to  say,  with  a  single  maximimi  and  a  single  mim'mnTn, 
Thus,  for  instance,  in .  Yan  Diemen's  Land,  the  intensity  or 
total  force  exhibits  a  simple  progression,  combined  with  a 

was  greater  in  the  evening  than  towards  morning.  At  Greenwich  the 
principal  maximum  of  the  horizontal  force  was  about  6  P.M.,  the  prin- 
cipal minimum  about  10  a.m.  or  at  noon ;  at  Schulzendorf,  near  Berlin, 
the  maximum  falls  at  8  p.m.,  the  minimum  at  9  a.m.;  at  St.  Petersbui^ 
the  max.  falls  at  8  p.m.,  the  min.  at  llh.  20m.  a.m.  ;  at  Toronto  tiie 
max.  falls  at  4  p.m.,  the  min.  at  11  a.m.  The  time  is  always  rec- 
koned according  to  the  true  time  of  the  respective  places  (Airy,  Magn, 
Observ.  at  Oreervioich  for  1845,  p.  13 ;  for  1846,  p.  102 ;  /or  1847,  p.  241; 
Riess  and  Moser,  in  Poggend.  ArmeUen.  Bd.  xix,  1880,  s.  175  ;  Kupffer, 
Compte  rendu  Aimud  de  V Observatovre  Centrale  Magn.  de  St.  Pitersb, 
1852,  p.  28 ;  and  Sabine,  Magn.  Ohserv.  at  Toronto,  vol.  i,  1840—1842, 
p.  xlU).  The  turning  hours  at  the  Cape  of  Good  Hope  and  at  St.  Helena, 
where  the  horizontal  force  is  the  weakest  in  the  evening,  seem  to  be 
singularly  at  variance,  and  almost  the  very  opposite  of  one  another 
(Sabine,  Magn.  Obs.  at  the  Cape  of  Qood  Hope,  p.  xl,  at  St.  ffelena, 
p.  40).  Such,  however,  is  not  the  case  further  eastward,  in  other  parts 
of  the  great  southern  hemisphere.  "  The  principal  feature  in  the 
diurnal  change  of  the  horizontal  force  at  Hobarton  is  the  decrease  of 
force  in  the  forenoon  and  its  subsequent  increase  in  the  afternoon" 
(Sabine,  Magn,  Obs.  at  Hobarton,  voL  i,  p.  liy.  vol.  ii,  p.  zUii). 
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shown,  by  Wahlenberg  and  Erman  the  elder^  in  the  averages 
of  the  summer  and  winter  months.  But  in  accordance  with 
the  criterion  here  indicated^  a  spring  in  one  zone  must  be 
denominated  warm,  which  hardly  attains  the  seventh  at 
eighth  part  of  temperature  of  one  which  in  another  zone^ 
near  the  equator,  will  be  called  cold.  I  may  mention  the 
differences  between  the  average  temperature  of  St.  Peters- 
burg (38°.  12  F.)  and  of  the  shores  of  the  Orinoco.  The 
purest  spring  water  which  I  drank  in  the  vicinity  of  the 
cataracts  of  Atures**  and  Maypures  (81M4  F.)  or  in  the 
forest  of  Atabapo,  had  a  temperature  of  more  than  79°  F. ; 
even  the  temperature  of  the  great  rivers  in  tropical  South 
America,  corresponds  with  the  high  degrees  of  heat  of  such 
cold**  oprings. 

^  Humboldt,  Voyage  aux  Regions  Eqmnoxidles,  t.  ii,  p.  876. 

®  For  tthe  GMikke  of  comparing  the  temperature  of  springs  where  they 
break  f orta  directly  from  the  earth,  with  that  of  large  rivers  flowing 
through  open  channels,  I  here  bring  together  the  following  average 
numbers  from  my  journals : — 

Rio  Apure,  lat.  7f  ° ;  temperature,  81° 

Orinoco,  between  4°  and  8*  of  latitude;  81*.5 — 85°.3. 

Springs  in  (he  forest^  near  the  cataract  of  Maypures,  breaking  forth 
from  the  granite,  82°. 

Cassiquiare,  the  branch  of  the  Upper  Orinoco,  which  forms  the  union 
with  the  Amazon;  only  75^7. 

Bio  Negro,  above  San  Carlos  (scarcely  V  53'  to  the  north  of  the 
equator) ;  only  74°.  8. 

Rio  Atabapo,  79°.2  (lat.  3®  6(/}. 

Orinoco,  near  the  entrance  of  the  Atabapo,  82^ 

Rio  Grande  de  la  Magdalena  (lat  5"*  12'  to  9^  56'),  79<'  9'. 

Amazon,  5°  31'  south  latitude,  opposite  to  the  Pongo  of  Rentema 

(Provincia  Jaen  de  Bracamoros),  scarcely  1300  f  *et  above  the 

South  Sea,  only  72o.5. 

The  great  mass  of  water  of  the  Orinoco  consequently  pproaches  the 
average  temperature  of  the  air  of  the  vicinity.  During  great  inunda- 
tions of  the  Savannahs,  the  yellowish  brown  waters,  which  smeL  of 
sulphuretted  hydrogen,  acquire  a  temperature  of  92°.8 ;  this  I  found  to 
be  the  temperature  in  the  LctgarterOfix}  the  east  of  Guayaquil,  which 
swarmed  with  crocodiles.  The  boU  there  becomes  heated,  as  in  shallow 
rivers,  by  the  warmth  produced  in  it  by  the  sun's  rays  falling  upon  it. 
With  regard  to  the  multifarious  causes  of  the  low  temperature  of  the 
water  of  the  Rio  Negro,  which  is  of  a  coffee-broton  colour  by  reflected 
light,  and  of  the  white  waters  of  the  Cassiquiare  (a  constantly  clouded 
sky,  the  quantity  of  rain,  the  evaporation  from  the  dense  forests,  and 
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The  breaking  out  of  springs^  effected  by  multifarioTis 
causes  of  pressure  and  by  the  communication  of  fissures 
containing  water,  is  such  a  universal  phenomenon  of  the 
sur&ce  of  the  earth,  that  waters  flow  forth  at  some  points 
&om  the  most  elevated  mountain  strata,  and  at  others  from 
the  bottom  of  the  sea.  In  the  first  quarter  of  this  century 
numerous  results  were  collected  by  Leopold  von  Buch, 
Wahlenberg  and  myself,  with  regard  to  the  temperature 
of  springs  and  the  dijQ^on  of  heat  in  the  interior  of  the 
earth  in  both  hemispheres,  firom  12°  S.  lat.  to  71°  N.»  The 
springs  which  have  an  unchangeable  temperature  were  care- 
fully separated  from  those  which  vary  with  the  seasons ; 
and  Leopold  von  Buch  ascertained  the  powerful  influence 
of  the  distribution  of  rain  in  the  course  of  the  year,  that  is 
to  say,  the  influence  of  the  proportion  between  the  relative 
abundance  of  winter  and  summer  rain  upon  the  temperature 
of  the  variable  springs,  which,  a^  regards  number,  axe  the 
most  widely  distributed.  More  recently^  some  very  ingenious 

the  want  of  hot  sandy  tracts  upon  the  banks),  see  my  river  voyage,  in 
the  Bilaium  Histonque,  t.  ii,  pp.  463  and  509.  In  the  Rio  Guanca- 
bamba  or  Chamaya,  which  Mis  into  the  Amazon,  near  the  Pongo  de 
Bentema,  I  found  the  temperature  of  the  water  to  be  only  67^6,  as  ita 
waters  come  with  prodigious  swiftness  from  the  elevated  lake  Simi* 
cocha  on  the  Cordillera.  On  my  voyage  of  52  days  up  the  river  Mag- 
dalena,  from  Mahates  to  Honda,  I  perceived  most  distinctly,  from 
numerous  observations,  that  a  rise  in  the  level  of  the  water  was  indi- 
cated for  hours  previously  by  a  diminution  of  the  temperature  of  the 
river.  The  refrigeration  of  the  stream  occurred  before  the  cold  moun- 
tain waters  from  the  Paramos  near  the  source  came  down.  Heat  and 
water  move,  so  to  speak,  in  opposite  directions  and  with  very  unequal 
velocifcies.  When  the  water  near  Badillas  rose  suddenly,  the  tempera* 
ture  fell  long  before  from  80^6  to  74^.3.  As,  during  the  night,  when 
one  is  estabUshed  upon  a  low  sandy  islet^  or  upon  the  bank,  with  bag 
and  baggage,  a  rapid  rise  of  the  river  may  be  dangerous,  the  dis- 
coveiy  of  a  prognostic  of  the  approaching  rise  (the  o/mMda)  is  of  some 
importance. 

^  Leopold  von  Buch,  Physioaluche  BeschrelhuTig  der  eanariichen 
Irtsdn,  s.  8 :  Poggend.  ArmcUen,  Bd.  xii,  s.  403 ;  Bibliothiqm  Brita/n' 
nique.  Sciences  et  Arts,  t.  xiz,  1802,  p.  263 ;  Wahlenberg,  De  VegeL  et 
Clim»  in  Helvetia  SeptenirioncUi  ObservcOis,  pp.  Izzviii  and  Ixzziv; 
Wahlenberg,  Flora  Carpathica,  p.  xciv,  and  in  Gilbert's  Atmalen^ 
Bd.  xU,  8. 115 ;  Humboldt,  in  the  MSm.  de  la  Soc,  (TArcueil,  t,  iii  (1817) 
p.  699. 

^  De  Gasparin,  in  the  BiUioth^que  Univ,  Sciences  et  ArtSf^^t,  xxxviii, 
1828,  pp.  54,  113  and  264 ;  M4m,  de  la  Soc.  CerUraU  d^Agricidtwr^ 
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eompaiatiye  obfleryations  by  De  Gasparin,  Schonw  and  Thuv- 
mann  have  thrown  considerable  light,  in  a  geographical  and 
hjpsometrical  point  of  view,  in  accordance  with  latitude  and 
elevation  upon  this  influence.  Wahlenberg  asserted  that  in 
very  high  latitudes  the  average  temperature  of  variable  springs 
is  rather  higher  than  that  of  the  atmosphere ;  he  sought  the 
cause  of  this,  not  in  the  dryness  of  a  very  cold  atmosphere  and 
in  the  less  abundant  winter  rain  caused  thereby,  but  in  the 
snowy  covering  diminishing  the  radiation  of  heat  from  the  soiL 
In  those  parts  of  the  plain  of  Korthem  Asia,  in  which  a 
perpetual  icy  stratum,  or  at  lesust  a  frozen  alluvial  soil  mixed 
with  fragments  of  ice  is  found  at  a  depth  of  a  few  feet,""  the 
temperature  of  springs  can  only  be  employed  with  great  cau- 
tion for  the  investigation  of  Kupfifer's  important  theory  of 
the  isogeothermal  Unes.  A  two-fold  radiation  of  heat  is 
then  produced  in  the  upper  stratum  of  the  earth :  one  up- 
wards towards  the  atmosphere,  aud  another  downwards 
towards  the  icy  stratum.  A  long  series  of  valuable  observa- 
tions made  by  my  friend  and  companion,  Gustav  Bose,  during 
our  Siberian  expedition  in  the  heat  of  summer  (often  in 
springs  still  surroimded  by  ice)  between  the  Irtysch,  the 
Obi,  and  the  Caspian  Sea,  revealed  a  great  complication  of 
iocid  disturbances.  Those  which  present  themselves  from 
perfectly  different  causes  in  the  tropical  zone,  in  places  where 

1826,  p.  178 ;  Schouw,  Tableau  du  Climat  etdela  V^gStaHon  de  Vltalk 
Vol.  i,  1839,  pp.  133 — 195 ;  Thurmamiy  Swr  latempiratwedessowrees  d$ 
la  diatne  du  Jurat  comparSe  d  ceUe  de»  sources  de  la  plaine  Suisse,  des 
AVpes  et  des  Vosges,  in  the  ArMuadre  MitSoroloffique  de  la  France,  1850, 
PI}.  258 — 268.  Ab  regards  the  frequency  of  tiie  summer  and  autumn 
rains,  De  Qasparin  divides  Europe  into  two  strongly  contrasted  regions. 
Valuable  materials  are  contained  in  Kftmtz,  Leh^rbuch  der  Meteorologies 
Bd.  i,  B.  448  —  506.  According  to  Dove  (Poggend.  AwntUen,  Bd. 
XXXV,  s.  376)  in  Italy,  "  at  places  to  the  north  of  which  a  chain  of 
mountains  is  situated,  the  maxima  of  the  curves  of  monthly  quantities 
of  rain  £&11  in  March  and  September ;  and  where  the  mountams  lie  to 
the  south,  in  April  and  October."  The  totality  of  the  proportions  of 
rain  in  the  temperate  zones  may  be  comprehended  under  the  following 
general  point  of  view : — "  The  period  of  winter  rain  in  the  borders  of 
the  tropics  constantly  divides,  the  further  we  depart  from  these,  into 
two  maxima  united  by  slighter  falls,  and  these  again  unite  into  a 
summer-maximum  in  (Germany ;  where,  therefore,  a  temporary  want  of 
rain  ceases  altogether."  See  the  section  "Qeothermik"  in  the  ezoeUent 
Lehrbueh  der  Ckognosief  by  Naonuum,  Bd.  i,  (1860),  8.  41— 78. 
.  *  See  above,  p.  45* 
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QiomitaiD  springs  burst  forth  upon  vast  elevated  plateanzy 
eight  or  ten  thousand  feet  above  the  sea  (Micuipampay 
Quito,  Bogota),  or  in  narrow,  isolated  mountain-peaks  many 
thousand  feet  higher,  not  only  include  a  far  greater  part  of 
the  surface  of  the  earth,  but  also  lead  to  the  consideration 
of  analogous  thermic  conditions  in  the  mountainous  countries 
of  the  temperate  zones. 

In  this  important  subject  it  is  above  all  things  necessary 
to  separate  the  cycle  of  actual  observations  from  the  theor- 
etical conclusions  which  are  founded  upon  them.  What  we 
seek,  expressed  in  the  most  general  way,  is  of  a  triple  nature : 
— ^the  distribution  of  heat  in  the  crust  of  the  earth  which  is 
accessible  to  us,  in  the  aqueous  covering  (the  ocean)  and  in 
the  atmosphere.  In  the  two  envelopes  of  the  body  of  the 
earth,  the  liquid  and  gaseous,  an  opposite  alteration  of  tem- 
perature (diminution  and  increase  in  the  superposed  strata) 
prevails  in  a  vertical  direction.  In  the  solid  parts  of  the 
body  of  the  earth  the  temperature  increases  with  the  depth; 
the  alteration  is  in  the  same  direction,  although  in  a  very 
different  proportion,  as  in  the  aerial  ocean,  the  shallows  and 
rocks  of  which  are  formed  by  the  elevated  plateaux  and  mul- 
tiform mountain  peaks.  We  are  most  exactly  acquainted 
by  direct  experiments,  with  the  distribution  of  heat  in  the 
atmosphere, — ^geographically  by  local  determination  in  lati- 
tude and  longitude,  and  in  accordance  with  hypsometric  re- 
lations in  proportion  to  the  vertical  elevation  above  the  sur- 
face of  the  sea, — but  in  both  cases  almost  exclusively  in 
close  contact  with  the  solid  and  fluid  parts  of  the  surface  of 
our  planet.  Scientific  and  systematically  arranged  investi- 
gations by  aerostatic  voyages  in  the  free  aerial  ocean,  beyond 
the  near  action  of  the  earth,  are  still  very  rare,  and  there- 
fore but  little  adapted  to  frimish  the  numerical  data  of 
average  conditions  which  are  so  necessary.  Upon  the  de- 
crease of  heat  in  the  depths  of  the  ocean  observations  are 
not  wanting ;  but  currents,  which  bring  in  water  of  different 
latitudes,  depths,  and  densities,  prevent  the  attainment  of 
general  results,  almost  to  a  greater  exteiit  than  currents  in 
the  atmosphere.  We  have  here  touched  preliminarily  upon 
the  thermic  conditions  of  the  envelopes  of  our  planet,  which 
will  be  treated  of  in  detail  hereafter,  in  order  to  consider  the 
influence  of  the  vertical  distribution  of  heat  in  the  solid 
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crust  of  the  earth,  and  the  sTstem  of  the  geo-isothermio 
linesy  not  in  too  isolated  a  condition,  but  as  a  part  of  the 
all-penetrating  motion  of  heat,  a  troly  cosmical  activity. 

Instructive  as  are,  in  many  respects,  observations  upon 
the  unequal  diminution  of  temperature  of  springs  which  do 
not  vary  with  the  seasons  as  the  height  of  their  point  of 
emergence  increases, — stiLl  the  local  law  of  such  a  diminish- 
ing temperature  of  springs  cannot  be  regarded,  as  is  often 
done,  as  a  universal  geothermic  law.  If  we  were  certain 
that  waters  flowed  unmixed  in  a  horizontal  stratum  of  great 
extent,  we  might  certainly  suppose  that  they  have  gradually 
acquired  the  temperature  of  the  solid  groimd,  but  in  the 
great  network  of  fissures  of  elevated  masses,  this  case  can 
rarely  occur.  Colder  and  more  elevated  waters  mix  with 
the  lower  ones.  Our  mining  operations,  inconsiderable  as 
may  be  the  depth  to  which  they  attain,  are  very  instruc- 
tive in  this  respect ;  but  we  should  only  obtain  a  direct 
knowledge  of  the  isogeothermal  lines,  if  thermometers  were 
buried,  according  to  Boussingault's  method,^  to  a  depth  below 
that  affected  by  the  influences  of  the  changes  of  temperature 
of  the  neighbouring  atmosphere,  and  at  very  different  eleva- 
tions above  the  sea.  From  the  forty-flfbh  degree  of  latitude 
to  the  parts  of  the  tropical  regions  in  the  vicinity  of  the 
equator,  the  depth  at  which  the  stratum  of  invariable  tempe- 
rature commences,  diminishes  from  60  to  H  or  2  feet.  Bury- 
ing the  geothermometer  at  a  small  depth  in  order  to  obtain  a 
knowledge  of  the  average  temperature  of  the  earth,  is  there- 
fore readily  practicable  only  between  the  tropics  or  in  the 
subtropical  zone.  The  excellent  expedient  of  Artesian  wells 
which  have  indicated  an  increase  of  heat  of  1°  F.  for  every 
54  to  58  feet  in  absolute  depths  of  from  745  to  2345 
feet  has  hitherto  only  been  afforded  to  the  physicist  in 
districts  not  much  more  than  1600  feet  above  the  level  of 
the  sea "  I  have  visited  silver-mines  in  the  chain  of  the 
Andes,  6^45'  south  of  the  equator  at  an  elevation  of  nearly 
13,200  feet  and  found  the  temperature  of  the  water  pene* 
trating  through  the  fissures  of  the  limestone  to  be  52^3  F." 
The  waters  which  were  heated  in  the  baths  of  the  Inca 

"  See  Chimoa,  voL  i,  p.  218,  and  voL  v,  p.  40,  Bohn's  edition. 

V  See  above,  p.  37. 

B  Miaa  de  Guadalupe,  one  of  the  Minas  de  Chota,  he,  iup,  p.  43* 
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Tupac  Yapaiiqni,  upon  the  ridge  of  the  Andes  (Paw  del 
Assuay),  probably  come  from  springs  of  the  Ladera  de  Cad- 
lud,  where  I  have  traced  their  course,  near  which  the  old 
Pemyian  causeway  also  ran,  barometrically  to  an  elevation 
of  15,526  feet  (almost  that  of  Mont  Blanc).''  These  are  the 
highest  points  at  which  I  could  observe  spring  water  in 
South  Ajnerica.  In  Europe  the  brothers  Schlagintweit 
have  found  gaUery-water  in  the  gold  mine  in  the  Eastern 
Alps  at  a  height  of  9442  feet,  and  found  that  the  tempera- 
ture of  small  springs  near  the  opening  of  the  gallery  of  only 
33°.4  F.,^  at  a  distance  from  any  snow  or  glacier  ice.  The 
highest  limits  of  springs  are  very  different  according  to  geo- 
graphical latitude,  the  elevation  of  the  snow  line  and  the  relar 
tion  of  the  highest  peaks  to  the  mountain  ridges  and  plateaux. 
If  the  radius  of  our  planet  were  to  be  increased  by  the 
height  of  the  Himalaya  at  the  Kintschindjunga,  and  there- 
fore uniformly  over  the  whole  surface  by  28,175  feet  (4.34 
English  miles),  with  this  small  increase  of  only  -g-^th 
of  the  radius,  the  heat  in  the  surfiEu^e  cooled  by  radiation, 
would  be  (according  to  Fourier's  analytical  theory),  almost 
the  same  as  it  now  is  in  the  upper  crust  of  the  earth. 
But  if  individual  parts  of  the  surface  raise  themselves  in 
mountain  chains  and  narrow  peaks,  like  rocks  upon  the 
bottom  of  the  aerial  ocean,  a  diminution  of  heat  takes  place 
in  the  interior  of  the  elevated  strata,  and  this  is  modified 
by  contact  with  strata  of  air  of  different  temperature,  by  the 
capacity  for  heat  and  conductive  power  of  heterogeneous 
kinds  of  rocks,  by  the  sun's  action  on  the  forest-clad 
summits  and  declivities^  by  the  greater  and  less  radiation 
of  the  mountains  in  accordance  with  their  form  (relief), 
their  massiveness)  or  their  conical  and  pyramidal  narrow- 
ness. The  special  elevations  of  the  region  of  clouds,  the 
snow  and  ice-coverings  at  various  elevations  of  the  snow 
line,  and  the  frequency  of  the  cool  currents  of  air  coming 
down  the  steep  declivities,  at  particular  times  of  the  day,  alter 
the  effect  of  the  terrestrial  radiation.  In  proportion  as  the 
towering  cones  of  the  summits  become  cooled,  a  weak  current 

•  Humboldt,  Views  ofNatwre,  p.  393. 

^  Mine  on  the  Great  Fleuss  in  the  Moll  Valley  of  the  Tauem,  see 
Hermann  and  Adolph  Schlagmtweit,  Unterauchtmgen  itber  die  phynktt' 
iiidU  Qcogrc^hie  ier  Alaen,  1850,  a.  242—273. 
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has  acquired  a  high  temperature  at  a  lower  point  under  great 
pressure  of  accumulated  vapours,  being  forced  upwards,  and 
thus  coming  under  a  pressure  which  does  not  correspond 
with  its  temperatiu^.  In  this  way  "  the  Geysirs  are  natural 
collectors  of  steam  power." 

Of  the  hot  springs  a  few  approach  nearly  to  absolute 
purity ;  others  contain  solutions  of  8 — 12  parts  of  solid  or 
gaseous  matters.  Among  the  former  are  the  baths  of  Lux- 
eueil,  Pfeflfer,  and  Gastein,  the  efficacy  of  which  may  appear 
so  mysterious  on  account  of  their  purity.**  As  all  springs 
are  fed  principally  by  meteoric  water,  they  contain  nitrogen, 
as  Boussingault  has  proved  in  the  very  pure^  springs  flowing 
from  the  granite  in  las  Trincheras  de  Portocabello,  and  Bun- 
sen"  in  the  Cornelius  spring  at  Ai-y  and  in  the  Geysir  of 
Iceland.  The  organic  matter  dissolved  in  many  springs  also 
contains  nitrogen,  and  is  even  sometimes  bituminous.  Until 
it  was  known  from  the  experiments  of  Gay-Lussac  and  my- 
self that  rain  and  snow-water  contain  more  oxygen  than 
the  atmosphere  (the  former  10,  and  the  latter  at  least  8  per 
cent,  more)  it  appeared  very  remarkable  that  a  gaseous  mix- 
ture, rich  in  oxygen,  could  be  evolved  from  the  springs  of 
Nocera  in  the  Apennines.  The  analyses  made  by  Gay-Lus- 
sac during  our  stay  at  this  mountain  spring  showed  that  it 
only  contained  as  much  oxygen  as  might  have  been  furnished 
to  it  by  atmospheric  moisture.'^    If  we  be  astonished  at  the 

^^  Trommsdorf  finds  in  the  epringB  of  Gastein  only  0.803  of  solid 
constituents  in  1000  parts;  Lowig,  0.291  in  Pfefier;  and  Longcbamp 
only  0.236  in  Luxeuil ;  on  the  other  hand,  0.478  were  found  in  1000 
parts  of  common  well  water  in  Berne ;  5.459  in  the  Carlsbad  bubbling 
spring ;  and  even  7.454  in  Wiesbaden  (Studer,  PhysikcU.  Qeogrcuphienmd 
Geologie,  ed.  2, 1847,  cap.  i,  s.  92). 

6S  "  The  hot  springs  which  gufdi  from  the  granite  of  the  Cordillera  of 
the  coast  (of  Venezuela),  are  necMrly  pure ;  they  only  contain  a  small 
quantity  of  silica  in  solution,  and  hydrosulphuric  acid  gas,  mixed  with 
^  little  nitrogen.  Their  composition  is  identical  with  that  which  would 
resiilt  from  the  action  of  water  upon  sulphuret  of  silicium"  {Annales  de 
Chimie  et  de  Physique,  t.  lii,  1833,  p.  189).  Upon  the  great  quantity 
of  nitrogen  which  is  contained  in  the  hot  spring  of  Orense  (154^.4), 
see  Maria  Bubio,  Tratado  de  las  Fuentes  Mvnerales  de  Espaiia,  1853, 
p.  331. 

^  Sartorius  yon  Waltershausen,  Skieze  von  Island,  b.  125. 

^  The  distinguished  chemist  Morechini  of  Rome,  had  stated  the 
oxygen  contained  in  the  spring  of  Nocera  (situated  2240  feet  above  the 
cfuO  to  be  0.40;  Gay-Lnssao  (26  September,  1806)  found  the  exact 
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eilieiotis  deposits  as  a  constructive  material  of  which  natnre^ 
as  it  were,  artificially  composes  the  apparatus  of  Geysirs,  we 
must  remember  that  silicic  acid  is  also  difPdsed  in  many  cold 
BpringB  which  contain  a  very  smaU  portion  of  carbonic  acid 

Acid  springs  and  jets  of  carbonic  acid  gas,  which  were 
long  ascribed  to  deposits  of  coal  and  lignite,  appear  rather  to 
belong  entirely  to  the  processes  of  deep  volcanic  activity : — 
an  activity  which  is  universally  disseminated,  and  therefore 
does  not  exert  itself  merely  in  those  places  where  volcatiic 
rocks  testify  to  the  existence  of  ancient  local  fiery  eruptions. 
In  extinguished  volcanoes  jets  of  carbonic  acid  certainly  re? 
main  longest  after  the  Plutonic  catastrophes ;  they  follow 
the  stage  of  Sol&tara  activity ;  but  nevertheless  waters  im- 
pregnated with  carbonic  acid,  and  of  the  most  various  tem-^ 
peratures,  burst  forth  from  granite,  gneiss,  and  old  and  new 
floetz  mountains.  Acid  springs  l>ecome  impregnated  with 
alkaline  carbonates,  and  especially  with  carbonate  of  soda, 
wherever  water  impregnated  with  carbonic  acid  acts  upon 
rocks  containing  alkaline  silicates."  In  the  north  of  Ger- 
many mauy  of  the  carbonic  acid  springs  and  gaseous  jets  are 
particularly  remarkable  for  the  dislocation  of  the  strata 
about  them  and  for  their  eruption  in  circular  valleys  (Pyr* 
mont,  Driburg)  which  are  usually  completely  closed.  Fried- 
rich  Ho&ian  and  Buckland  have  almost  at  the  same  time 
very  characteristically  denominated  such  depressions  valleys 
of  elevation  {Erhehungs-Thalery 

In  the  springs  to  which  the  name  of  sulphurous'  waters  is 
given,  the  sulphur  by  no  means  constantly  occurs  combined 
in  the  same  way.  In  many,  which  contain  no  carbonate  of 
soda,  sulphuretted  hydrogen  is  probably  dissolved  ;  in  others, 
for  example  in  the  sulphurous  waters  of  Aix  (the  Kaiser, 
Cornelius,  Rose,  and  Quirinus  springs),  no  sulphuretted 
hydrogen  is  contained,  according  to  the  precise  experiments 
of  Btmsen  and  Liebig,  in  the  gases  obtained  by  boiling  the 

quantity  of  oxygen  to  be  only  0.299.  We  had  previously  found  0. 31 
of  oxygen  in  meteoric  waters  (rain).  Upon  the  nitrogen  gas  conr 
tained  in  the  acid  springs  of  Neris  and  Bourbon  rArchambault,  seethe 
works  of  Anglade  and  Longchamp  (1834),  and  on  carbonic  acid  exhala- 
tions in  general,  see  Bischof  s  admirable  investigations  in  his  Chemitchs 
Geoloffie,  Bd.  i,  s.  248-— 350. 

65  Bunsen,  in  PoggendorfTs  Anntden^  Bd.  Ixxxiii,  s.  257;  Bischof 
Cfeologie,  Bd.  1,8.271. 
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waters  without  access  of  air ;  indeed  the  Kaiserquelle  alont 
contains  0.31  per  cent,  of  snlphuretted  hydrogen  in  gas 
babbles  which  rise  spontaneously  from  the  springs.* 

A  thermal  spring  which  gives  rise  to  an  entire  river  of 
water  acidified  by  sulphur,  the  Vinegar  river  {Bio  Vmagre)^ 
called  Pusambio  by  the  aborigines,  is  a  remarkable  pheno- 
menon to  which  I  first  called  attention.  The  Rio  Y  inagre 
rises  at  an  elevation  of  about  10,660  feet  on  the  north- 
western declivity  of  the  volcano  of  Purace,  at  the  foot  of  which 
the  city  of  Popayan  is  situated.  It  forms  three  picturesque 
cascades,*'  of  one  of  which  I  have  given  a  representation, 
falling  over  a  steep  trachytic  wall  probably  320  feet  in  per- 
pendicular height.  From  the  point  where  the  small  river 
falls  into  the  Cauca,  this  great  river  for  a  distance  of  2 — 3 
miles  (from  8  to  12  English  miles)  downwards,  as  far  as  the 
junctions  of  the  Pindamon  and  Palac^,  contains  no  fish ; 
which  must  be  a  great  inconvenience  to  the  inhabitants  of 
Popayan,  who  are  strict  observers  of  fasts !  According  to 
Boussingault's  subsequent  analysis,  the  waters  of  the  Pusam- 
bio contain  a  great  quantity  of  sulphuretted  hydrogen  and 
carbonic  acid,  with  some  sulphate  of  soda.  I^ear  the  source, 
Boussingault  found  the  temperature  to  be  163°.  The  upper 
part  of  the  Pusambio  runs  underground.  Degenhardt  (of 
Clausthal  in  the  Harz),  whose  early  death  has  caused  a 
great  loss  to  Geognosy,  discovered  a  hot  spring  in  1846  in 
the  Paramo  de  Biiiz,  on  the  declivity  of  the  volcano  of  the 
same  name,  at  the  sources  of  the  Kio  GuaU,  and  at  an  alti- 
tude of  12,150  feet,  in  the  water  of  which  Boussingault 
found  three  times  as  much  sulphuric  acid  as  in  the  Rio 
Vinagre. 

The  equability  of  the  temperature  and  chemical  constitu- 

^  Liebig  and  Bunsen,  Untersuclviimg  der  Aackener  SehewrfdqtuUen,  in 
the  AnncUen  der  Cliemie  vmd  Pharmacies  Bd.  Izxix  (1851),  8. 101.  In 
the  chemical  analyses  of  mineral  waters  which  contain  sulphuret  of 
sodium,  carbonate  of  soda  and  sulphuretted  hydrogen  are  ofben  stated 
to  occur  from  an  excess  of  carbonic  add  being  present  in  those  waters. 

^7  One  of  these  cascades  is  represented  in  my  Vv£$  dea  CordilUrea, 
pL  zxx.  On  the  analysis  of  the  water  of  the  Rio  Vinagre,  see  Boussin- 
gault, in  the  AnnaJes  de  Chimie  et  de  Phytique,  2e,  s^rie,  t.  lii,  1888, 
p.  897,  and  Dumas,  3e  s^rie,  t.  xviii,  1846,  p.  503;  on  the  spring  in  the 
Paramo  de  Ruiz,  see  Joaquin  Acosta,  ViajeM  Cfient\fioo»  d  Im  Andei 
£cuatorial^,  1849,  p.  89. 
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tiofl.  of  springs  as  far  as  we  can  ascertain  from  reliable  ob- 
iiervations,  is  for  more  remarkable  than  the  instability** 
which  has  been  occasionally  detected.  The  hot  spring-waters, 
which,  during  their  long  and  tortuous  course,  take  up  such  a 
variety  of  constituents  from  the  rocks  with  which  they  are 
in  contact,  and  often  carry  them  to  places  where  they  are 
deficient  in  the  strata  through  which  the  springs  burst  forth, 
have  also  an  action  of  a  totally  different  nature.  They  exert 
a  transforming  and  at  the  same  time  a  formative  activity, 
and  in  this  respect  they  are  of  great  geognostic  importance. 
Senarmont  has  shown  with  wonderfS  acuteness,  how  ex- 
tremely probable  it  is  that  many  vein-crevices  (ancient  courses 
of  thermal  waters)  have  been  filled  from  below  upwards  by 

^  The  examples  of  alteration  of  temperature  in  the  thermal  springs 
of  Mariara  and  las  Trincheras  lead  to  the  question  whether  the  Styx 
water,  whose  soturce,  so  difficult  of  access,  is  situated  in  the  wild 
Aroanio  Alps  of  Arcadia,  near  Nonacris,  in  the  district  of  Pheneos,  has 
lost  its  pernicious  qualities  by  alteration  in  the  subterranean  fissures  of 
supply  ?  or  whether  the  waters  of  the  Styx  have  only  occasionally  been 
injurious  to  the  wanderer  by  their  icy  coldness  ?  Perhaps  they  are 
indebted  for  their  evil  reputation,  which  has  been  transmitted  to  the 
present  inhabitants  of  Arcadia,  only  to  the  awful  wildness  and  desola- 
tion of  the  neighbourhood,  and  to  the  myth  of  their  origin  from  Tar- 
tarus. A  young  and  learned  philologist,  Theodor  Schwab,  succeeded  a 
few  years  ago,  with  great  exertion,  in  penetrating  to  the  rocky  wall 
from  which  the  spring  trickles  down,  exactly  as  described  by  Homer, 
Hesiod,  and  Herodotus.  He  drank  some  of  the  water,  which  was  ex- 
tremely cold,  but  very  pure  to  the  taste,  without  perceiving  any  injuri- 
ous effects  (Schwab,  Arkadien,  seine  Natur  tmd  OesiMchte,  1852,  s.  15 — 
20).  Amongst  the  ancients  it  was  asserted  that  the  coldness  of  the 
water  of  the  Styx  burst  all  vessels  except  those  made  of  the  hoof  of  an 
ass.  The  legends  of  the  Styx  are  certainly  very  old,  but  the  report  of  the 
poisonous  properties  of  its  spring  appears  to  have  been  widely  dissemi- 
nated only  in  the  time  of  Aristotle.  According  to  a  statement  of 
Antigonus  of  Carystus  {Hist.  Mirah.  §  174),  it  was  contained  very  cir- 
cumstantially in  a  book  of  Theophrastus,  which  has  been  lost  to  us. 
The  calumnious  fable  of  the  poisoning  of  Alexander  by  the  water  of 
the  Styx,  which  Aristotle  communicated  to  Cassander  by  Antipater,  was 
contradicted  by  Plutarch  and  Arrian,  and  disseminated  by  Vitruvius, 
Justin,  and  Quintus  Curtius,  but  without  mentioning  the  Stagirite 
(Stahr,  Ariatotelia,  Th.  i,  1830,  s.  187  —  140).  Pliny  (xxx,  63)  says, 
somewhat  ambiguously : — "  Magna  Aristotelis  infamia  excogitatum." 
See  Ernst  Curtius,  Peloponnesus  (1851),  Bd.  i,  s.  194  —  196,  and  212; 
St.  Croix,  Examen  Critique  des  Andens  Historiens  c^ Alexandre,  p.  496. 
A  representation  of  the  cascade  of  the  Styx,  drawn  from  a  distsmce,  ia 
contained  in  Fiedler's  Rcise  dwch  Cfriechenland,  Th.  i»8.  400. 
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may,  in  accordance  with  the  presumption  to  which  the  local 
conditions  lead,  have  taken  place  in  the  Talley  of  the  Rhine, 
above  ^Neuwied,  in  the  great  Neuwied  basin,  perhaps  near 
TJrmits^  on  the  left  bank  of  the  Khine.  Erom  the  friability 
of  the  material  the  place  of  eruption  may  have  disappeeui^d 
without  leaving  any  traces,  by  the  subsequent  action  of  the 
current  of  the  Rhine.  In  tlie  entire  tract  of  the  Maars  of 
the  Eifel,  as  in  that  of  its  volcanoes  from  Bertrich  to  Ormond, 
no  pumice-stone  is  foimd.  That  of  the  Laacher  lake  is  limited 
to  the  rocks  upon  its  margin ;  and  on  the  other  Maars  the 
small  fragments  of  felspathic  rock,  which  lie  in  the  volcanic 
sand  and  tuff,  do  not  pass  into  pumice." 

We  have  already  touched  upon  the  relative  antiquity  of  the 
Maars  and  of  the  eruptions  of  the  lava-streams,  which  differ 
so  much  from  them,  compared  with  that  of  the  formation  of  the 
valleys.  "  The  trachyte  of  the  Siebengebirge  appears  to  be 
much  older  than  the  valley-formation,  and  even  older  than  the 
Rhenish  brown-coal  Its  appearance  has  been  independent 
of  the  cutting  of  the  valley  of  the  Rhine,  even  if  we  should 
ascribe  this  valley  to  the  formation  of  a  fissure.  The  forma- 
tion of  the  valleys  is  more  recent  than  the  Rhenish  brown- 
coal,  and  more  recent  than  the  Rhenish  basalt ;  but  older 
than  the  volcanic  eruptions  with  lava-streams,  and  older 
than  the  great  pumice-eruption  and  the  Trass.  Basalt  for- 
mations decidedly  extend  to  a  more  recent  period  than  the 
formation  of  tradiyte,  and  the  principal  mass  of  the  basalt  is, 
therefore,  to  be  regarded  ^  younger  than  the  trachyte.  In 
the  present  declivities  t/f  the  valley  of  the  Rhine  many 
basaltic  groups  (the  quarry  of  Unkel,  Rolandseck,  Godes- 
berg),  were  only  laid  bare  by  the  opening  of  the  valley, 
as  up  to  that  time  they  were  probably  enclosed  in  the  Devo- 
nian grauwacke  rocks.*' 

The  Infusoria,  whose  universal  diiiusion,  demonstrated  by 
Ehrenberg,  upon  the  continents,  in  the  greatest  depths  of  the 
sea  and  in  the  upper  strata  of  the  atmosphere,  is  one  of  the 
most  brilliant  discoveries  of  our  time,  have  their  principal 
seat  in  the  volcanic  Eifel,  in  the  Rapilli,  Trass-strata,  and 
pumice-conglomerates.  Organisms  with  silicious  shields  fill 
the  valley  of  Brohl  and  the  eruptive  matters  of  Hochsim- 
mer ;  sometimes,  in  the  Trass,  they  are  mixed  with  uncar- 
bonised  twigs  of  coniferse.     According  to  Ehrenberg,  the 
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Amongst  the  isolated  conical  and  bell-shaped  moontamfl, 
which  are  there  called  volcanoes^  many  msj,  indeed,  consist 

Aame.  The  last  eruption  was  that  of  1656.  The  whole  surrounding 
country  is  exposed  to  violent  earthquakes ;  that  of  the  16th  of  Aprils 
1854,  which  was  preceded  by  no  noises,  overthrew  nearly  all  tho 
buildings  in  San  Salvador. 

Volcano  of  Jzalco,*  near  the  village  of  the  same  n«me,  often  pro- 
ducing ammonia.  The  first  eruption  recorded  in  history  occurred 
on  the  23rd  February,  1770;  the  last  widely-luminous  eruptions  were 
in  April,  1798, 1805  to  1807»  and  1825  (see  above,  p.  261,  and  Thomp- 
son, Official  Visit  to  Guatemala,  1829,  p.  512). 

Volcan  de  Pacaya*  (lat.  14"  230>  about  14  miles  to  the  south-east 
of  the  city  of  New  Guatemala,  on  the  small  Alpine  lake  Amatitlan,  a 
very  active  and  often  flaming  volcano ;  an  extended  ridge  with  three 
domes.  The  great  eruptions  of  1565, 1651, 1671, 1677,  and  1775  are 
known ;  the  last,  which  produced  much  lava,  is  described  by  JuarroB 
as  an  eye-witness. 

Next  follow  the  two  volcanoes  of  Old  Guatemala,  with  the  sin* 
gular  appellations  de  Agua  and  de  FwgOf  near  the  coast^  in  latitude 
14*»  12'. 

Volean  de  Affua,  a  trachytio  cone  near  Escuintla,  higher  than  the 
Peak  of  Teneriffe,  surrounded  by  masses  of  obsidian  (indications  of  old 
eruptions?).  The  volcano,  which  reaches  into  the  region  of  perpetual 
snow,  has  received  its  name  from  the  circumstance  that,  in  September, 
1541,  a  great  inundation  (caused  by  earthquake  and  the  melting  of 
snow?)  was  ascribed  to  it;  this  destroyed  the  first  established  ci^of 
Guatemala,  and  led  to  the  building  of  the  second  city,  situated  to  the 
north-north-west,  and  now  called  AntigtuL  Guatemala, 

Voldan  de  Fuego,*  near  Acatenango,  23  miles  in  a  west-north-west 
direction  from  the  so-called  water-volcano.  With  regard  to  their  rela- 
tive position,  see  the  mre  map  of  the  Alcalde  Mayor,  Don  Jos^  Rossi  y 
Rubi,  engraved  in  Guatem^.  and  sent  to  me  thence  as  a  present : 
Bosquejo  dd  espacio  que  media  entre  he  estremos  de  la  Provincia  de 
Suchitepequ^e  y  la  Capital  de  Guatemala,  1800.  The  Volcan  de  Fuego 
is  still  active,  but  now  much  less  so  than  formerly.  The  older  great 
eruptions  were  those  of  1581, 1686,  1628, 1706, 1710, 1717, 1732, 1787, 
and  1799;  but  it  was  not  only  these  eruptions,  but  also  the  destruc- 
tive earthquakes  which  accompanied  them,  that  moved  the  Spani^ 
Government  in  the  second  halt  of  the  last  century  to  quit  the  second 
seat  of  the  city  (where  the  ruins  of  la  Antigua  Guatemala  now  stand), 
and  compel  the  inhabitants  to  settle  further  to  the  north,  in  the  new 
city  of  Santiago  de  Guatemala.  In  this  case,  as  at  the  removal  of 
Riobamba,  and  several  other  towns  near  the  volcanoes  of  the  chain  of 
the  Andes,  a  dogmatic  and  vehement  dispute  was  carried  on  in  reference 
to  the  difficult  selection  of  a  locality  *'  of  which  it  might  be  asserted, 
ft^cording  to  previous  experience,  that  it  was  bat  Uttie  exposed  to,  tiie 
action  of  neighbouring  volcanoes  {lava-streams,  eruptions  of  soorin  and 
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of  trachyte  and  dolerite,  but  having  always  been  tinopened, 
have  never  exhibited  any  igneous  activity  since  the  time  of 
their  upheaval.  Eighteen  are  to  be  regarded  as  still  active ; 
seven  of  these  have  thrown  up  flames,  scorisd  and  lava^ 
streams  in  the  present  century  (1825,  1835,  1848,  and 
1850)  j  and  two^  at  the  end  of  the  last  century  (1775  and 
1799).  The  deficiency  of  lava-streams  in  the  mighty  vol- 
canoes of  the  Cordilleras  of  Quito  has  recently  given  occa- 
sion to  the  repeated  assertion  that  this  deficiency  is  equally 
general  in  the  volcaroes  of  Central  America.  Certainly, 
in  the  majority  of  casos,  eruptions  of  scorise  and  ashes  have 
been  imaccompanied  by  any  efiusion  of  lava — as  for  exam- 

earthquaJcesiy  In  1852,  during  a  great  eruption,  the  Volcan  de  Fuego 
poured  forth  a  lava-stream  towards  the  ^hore  of  the  Pacific.  Captain 
Basil  Hall  measured,  imder  sail,  both  tbe  volcanoes  of  Old  Guatemala, 
and  found  for  the  Volcan  de  Fuego  14,666  feet,  and  for  the  Volcan  de 
Agua,  14,903  feet.  The  foundation  of  this  measurement  has  been 
tested  by  Poggendorff.  He  found  the  mean  elevation  of  the  two  moun- 
tains to  be  less,  and  reduced  it  to  about  13,109  feet. 

Volcan  de  QuesaUencmgo*  (lat.  15°  10'),  burning  since  1821,  and 
amoking,  near  the  town  of  the  same  name ;  the  three  conical  moun- 
tains which  bound  the  Alpine  lake  Atitlan  (in  the  moimtain  chain  of 
Solola)  on  the  south,  are  also  said  to  be  ignited.  The  volcano  of 
Tajamdeo,  referred  to  by  Juarros,  certainly  cannot  be  identical  with 
the  volcano  of  Quesaltenango,  as  the  latter  is  at  a  distance  of  40  geog. 
miles  to  the  N.W.,  of  the  village  of  Tajamulco,  to  the  south  of  Tejutla. 

What  are  the  two  volcanoes  of  SouxUepeguei  and  Sapotitlan,  men- 
tioned by  Funel,  or  Brum's  Volccm  de  Amilpast 

The  great  volcano  of  Socontuco,  situated  on  the  borders  of  Chiapa, 
28  geog.  miles  to  the  south  of  Ciudad  Real,  in  lat.  16**  2'. 

At  the  close  of  this  long  note  I  think  I  must  again  mention  that  the 
barometric  determinations  of  altitude  here  adduced  are  partly  derived 
from  Espinache,  and  partly  borrowed  from  the  writings  and  maps  of 
Baily,  Squier,  and  Molina. 

V  The  following  18  volcanoes,  constituting  therefore  nearly  the  half 
of  all  those  referred  to  by  me  as  active  in  former  or  present  times,  are 
to  be  regarded  as  at  present  more  or  less  active : — Irasu  and  Turrialva, 
near  Cartago,  el  Rincon  de  la  Vieja,  Votost?)  and  Orosi;  the  insular  vol- 
cano Ometepec,Nindiri,  Momotomba,  el  Nuevo,  at  the  foot  of  the  trachytio 
motmtain  Las  Pilas,  Telica,  el  Viejo,  Conseguina,  San  Miguel  Bosotlan, 
fian  Vicente,  Izalco,  Pacaya,  Volcan  de  Fuego  (de  Guatemala),  and 
^Quesaltenango.  The  most  recent  eruptions  are  those  of  el  Nuevo,  near 
las  Pilas,  on  the  18th  April,  1850 ;  San  Miguel  Bosotlan,  1848 ;  Conse- 
guina. and  San  Vicente,  1835;  Izalco,  1825;  Volcan  de  Fuego,  neai 
New  Guatemala^  1799  and  1852;  and  Pacaya,  1775. 
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According  to  the  tradition,  the  phenomena  of  small  erap« 
tions  of  water  and  mud  which  were  observed  during  the 
first  days  simultaneously  with  the  incandescent  scoriaB,  are 
ascribed  to  the  destruction  of  two  brooks,  which,  springing 
on  the  western  declivity  of  the  moimtain  of  Santa  Ines,  and 
consequently  to  the  east  of  the  Cerro  de  Cuiche,  abundantly 
irrigated  the  cane-fields   of  the  former  Hacienda  de  San 
Pedro  de  Jorullo,  and  flowed  onwards  far  to  the  west  to  the 
Hacienda  de  la  Presentacion.     Near  their  origin,  the  point 
IS  stni  shown  where  they  disappeared  in  a  fissure  with  their 
formerly  cold  waters,  during  the  elevation  of  the  eastern 
border  of  the  Malpais.     Running  below  the  Homitos,  they 
reappear,  according  to  the  general  opinion  of  the  people  of 
the  coimtry,  heated,  in  two  thermal  springs.     As  the  ele- 
"vated  part  of  the  Malpais  is  there  almost  perpendicular,  they 
form  two  small  waterfalls,  which  I  have  seen  and  represented 
in  my  drawing.     For  each  of  them  the  previous  name,  Bio 
de  San  Pedro  and  Bio  de  Cuitimba,  has  been  retained.     At 
this  point  I  found  the  temperature  of  the  steaming  water  to 
be  126°*8.     During  their  long  course  the  waters  are  only 
heated,  but  not  acidulated.    The  test  papers,  which  I  usually 
carried  about  with  me,  underwent  no  change ;  but  further 
on,  near  the  EEacienda  de  la    Presentacion^  towards  the 
Sierra  de  las  Canoas,  there  flows  a  spring  impregnated  with 
sulphuretted  hydrogen  gas,  which  forms  a  basin  of  20  feet 
in  breadth. 

lu  order  to  acquire  a  clear  notion  of  the  complicated  outline 
and  general  form  of  the  surface  of  the  ground,  in  which  such 
remarkable  upheavals  have  taken  ^\ace,  we  must  distinguish 
hypsometrically  and  morphologically  : — 1,  The  position  of 
the  volcanic  system  of  Jorullo  in  relation  to  the  average  level 
of  the  Mexican  plateau  ;  2.  The  convexity  of  the  Malpais, 
which  is  covered  by  thousands  of  homitos  ;  3.  The  fissure 
upon  which  six  large,  volcanic,  mountain-masses  have  arisen. 

On  the  western  portion  of  the  Central  CJordillera  of  Mexico, 
which  strikes  from  S.S.E.  to  N.N.W.,  the  plain  of  the 
Playas  de  Jorullo,  at  an  elevation  of  only  ^b^l  feet  above 
the  level  of  the  Pacific,  forms  one  of  the  horizontal  moun- 
tain terraces,  which,  everywhere  in  the  Cordilleras,  interrupt 
the  line  of  inclination  of  the  declivity,  and  consequently 
more  or  less  impede  the  decrease  of  heat  in  thu  superposed 
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a  metallic  lustre :  others  are  basaltic  and  full  of  small  gra* 
nules  of  olivine.    When  we  had  thus  ascended  to  the  upper 
surface  of  the  lava-stream  at  a  perpendicular  elevation  of 
711  feet,  we  turned  to  the  white  ash  cone,  on  which,  from 
its  great  steepness,  we  could  not  but  fear  that  during  fre- 
quent and  rapid  slips  we  might  be  seriously  wounded  by  the 
rugged  lava.     The  upper  margin  of  the  crater,  on  the  soutli 
western  part  of  which  we  placed  the  instruments,  forms 
a  ring  of  a  few  feet  in  width.     We  carried  the  barometea- 
from  the  margin  into  the  oval  crater  of  the  truncated  cone. 
At  an  open  fissure  air  streams  forth  of  a  temperature  of 
200°'6.    We  now  stood  149  feet  in  perpendicular  height 
below  the  margin  of  the  crater ;  and  the  deepest  point  of 
the  chasm,  the  attainment  of  which  we  were  compelled  to 
give  up  on  account  of  the  dense  sulphurous  A'apours,  ap- 
peared to  be  only  about  twice  this  deptL     The  geognostic 
discovery  which  had  the  most  interest  for  us,  was  the  find- 
ing of  several  white  fragments,  three  or  four  inches  in  dia- 
meter, of  a  rock  rich  in  felspar  baked  into  the  black  basaltic 
lava.    I  regarded  these  at  first^'  as  syenite,  but  from  the 

12  «  M.  Bonpland  and  myself  were  particularly  astonished  at  finding, 
encased  in  the  basaltic,  lithoid  and  scorified  lavas  of  the  volcano  of 
Jorullo,  white  or  greenish  white  angular  fragments  of  Syenite,  com- 
posed of  a  little  amphibole  and  a  great  quantity  of  lamellar  felspar. 
Where  these  masses  have  been  split  by  heat,  the  felspar  has  become 
filamentous,  so  that  the  margins  of  the  crack  are  united  in  some  places 
by  fibres  elongated  from  the  mass.  In  the  Cordilleras  of  South 
America,  between  Popayan  and  Almaguer,  at  the  foot  of  the  Cerro 
Broncoso,  I  have  found  actual  fragments  of  gneiss  encased  in  a  trachyte 
abounding  in  pyroxene.  These  phenomena  prove  that  the  trachytio 
formations  have  issued  from  beneath  the  granitic  crust  of  the  globe. 
Analogous  phenomena  are  presented  by  the  trachytes  of  the  Siebenge- 
Urge  on  the  banks  of  the  Rhine,  and  by  the  inferior  strata  of  Phono- 
lite  {Porphyrschiefer)  of  the  BUiner  Stein  in  Bohemia.''  (Humboldt, 
Bssai  Qiognostique  sur  le  Oisement  des  Jtocken,  1823,  pp.  133  and  339. 
Burkart  also  (AufenthaU  imd  Reisen  in  Mesnco,  Bd.  i,  s.  230)  detected 
enclosed  in  the  black  lava,  abounding  in  olivine,  of  Jorullo  :  '*  Blocks 
of  a  metamorphosed  syenite.  Hornblende  is  rarely  to  be  recognized 
distinctly.  The  blocks  of  syenite  may  certainly  furnish  ail  incontro- 
vertible proof,  that  the  seat  of  the  focus  of  the  volcano  of  Jorullo  is 
either  in  or  below  the  syenite,  which  shows  itself  in  considerable 
extent,  a  few  miles  {leguas)  further  south,  on  the  left  bank  of  the  Rio 
de  las  Balsas,  flowing  into  the  Pacific  Ocean."  Dolomieu,  and,  in  1832, 
the  excellent  geognosist,  Fhedrich  Hoffmann,  found  in  Lipari,  neal 
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exact  examination  by  Gustav  Bo«e,  of  a  fragment  which  I 
brought  with  me,  they  prohably  belong  rather  to  the  granite 
formation,  which  Burkart  has  also  seen  emerging  from 
below  the  syenite  of  the  Bio  de  las  Balsas.  "  The  inclosure 
is  a  mixture  of  quartz  and  felspar.  The  blackish  green  spots 
appear  to  be  not  hornblende,  but  mica  fused  with  some 
felspar.  The  white  fragment  baked  in  is  split  by  volcanic 
heat,  and  in  the  crack  white,  tooth-like,  fiised  threads  run 
from  one  margin  to  the  other." 

To  the  north  of  the  great  volcano  and  the  scoriaceous 
lava  mountain  which  it  has  vomited  forth  in  the  direction 
of  the  old  basalt  of  the  Cerro  del  Mortero,  follow  the  two 
last  of  the  six  ofben-mentioned  eruptions.  These  hills  also 
were  originally  very  active,  for  the  people  still  call  the  ex- 
treme mountain  of  ashes,  el  Volcancito.  A  broad  fissure 
opened  towards  the  west,  bears  the  traces  of  a  destroyed 
crater.  The  great  volcano,  like  the  Epomeo  in  Ischia,  ap- 
pears to  have  only  once  poured  out  a  mighty  lava-stream. 
That  its  lava-pouring  activity  endured  after  the  period  oi 
its  first  eruption,  is  not  proved  historically ;  for  the  valuable 
letter,  so  happily  discovered,  of  Father  Joaquin  de  Ansogorri, 
written  scarcely  three  weeks  after  the  first  eruption,  treats 
almost  exclusively  of  the  means  of  making  "  arrangements 
for  the  better  pastoral  care  of  the  country  people  who  had 
fled  from  the  catastrophe  and  become  dispersed  ;"  and  for  the 
following  thirty  years  we  have  no  records.  As  the  tradition 
speaks  very  generally  of  fires  which  covered  so  great  a  sur- 
face, it  is  certainly  to  be  supposed  that  all  the  six  hills  upon 
the  great  fissure,  and  the  portion  of  the  Malpais  itself  in 
which  the  Homitos  have  appeared,  were  simultaneously  in 
combustion.  The  temperature  of  the  surrounding  air,  which 
I  measured,  allows  us  to  judge  of  the  heat  which  prevailed 
there  43  years  previously ;  they  remind  one  of  the  former 
condition  of  our  planet,  in  which  the  temperature  of  its 
atmospheric  envelope,  and  with  this  the  distribution  of 
organic  life,  might  be  modified  by  the  thermic  action  of  the 
interior  by  means  of  deep  fissures  (under  any  latitude  and 
for  long  periods  of  time), 

Caneio,  fragments  of  granite,  formed  of  pale  red  felspar,  black  mica, 
and  a  little  pale  gray  quartz,  enclosed  in  compact  masses  of  obsidian 
(Poggendorffs  AwncUen  der  Physik,  Bd.  xxvi,  s.  49). 
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earth's  omst,  might,  m  my  opinion,  offisr  a  gzcater  appeanuMe 
of  probability.    It  is  not  difficult  to  imagine  tluit  at  the 
maiginB  of  the  np-heaving  continents  which  now  form  the 
more  or  less  precipitous  Httoral  boundary  visible  over  the 
Bur&ce  of  the  sea,  fissures  have  been  produced  by  the  siinii]- 
taueous  sinking  of  tbe  adjoining  bottom  of  the  sea,  through 
which  the  communication  with  the  molten  interior  is  pro- 
moted.   On  the  ridge  of  the  elevations,  hr  from  that  area 
of  depression  in  the  oceanic  basin,  the  same  occasioii   for 
the  existence  of  such  rents  does  not  exist.     Volcanoes  follow 
the  present  sea-shore  in  single,  sometimes  double,  and  some- 
times even  triple  parallel  rows.     These  are  connected  by 
short  chains  of  mountains,  raised  on  transverse  fissures,  and 
forming  mountain-nodes.    The  range  nearest  to  the  shore  is 
frequently  (but  by  no  means  always)  the  most  active,  while 
the  more  distant,  those  more  iu  the  interior  of  the  country, 
appear  to  be  extinct  or  approaching  extinction.    It  is  some- 
times thought  that,  in  a  particular  direction  in  one  and  the 
same  range  of  volcanoes,  an  increase  or  diminution  in  the 
frequency  of  the  eruptions  may  be  perceived,  but  the  pheno- 
mena of  renewed  activity  after  long  intervals  of  rest  render 
this  perception  very  uncertain. 

As  many  incorrect  statements  of  the  distance  of  volcanic 
activity  from  the  sea  are  circulated,  either  through  ignorance 
o^  or  inattention  to,  the  exact  localities  both  of  the  volcanoes 
and  of  the  nearest  points  of  the  coast,  I  shall  here  give  the 
following  distances  in  geographical  miles  (each  being  equal 
to  about  2030  yards,  or  60  to  a  degree)  : — ^In  the  Cordilleras 
of  Quito,  the  volcano  of  Sangay,  which  discharges  iminter- 
ruptedly,  is  situated  in  the  most  easterly  direction,  but  its 
distance  from  the  sea  is  still  112  miles.  Some  very  intelli- 
gent monks  attached  to  the  mission  of  the  Indies  Andaquies 
at  the  Alto  Putumayo  have  assured  me  that  on  the  upper 
Sio  de  la  Fragua,^  a  tributary  of  the  Caqueta,  to  the  eastward 
of  the  Ceja,  they  had  seen  smoke  issue  from  a  conical  moun- 

^  The  position  of  the  Volcan  de  la  Fragaa,  as  reduced  at  Timana^  is 
N.  L.  1*  48',  long.  75"*  80'  nearly.  Compare  the  Ca/rte  ffyptomStriqw 
de8  Noeuds  de  Montagues  dans  let  CordUUreB,  in  the  lai^  atlas  of  my 
travelSi  1831,  pi.  5,  see  also  pi.  22  and  24.  This  mountain,  lying 
isolated  and  bo  far  to  the  east,  ought  to  be  visited  by  a  geologiat 
capable  of  determining  the  longitude  and  latitude  astronomically. 
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tiun  of  no  great  height,  and  whose  distance  from  the  coast 
must  have  been  IGO^niles.    The  Mexican  volcano  of  Jorollo, 
which  was  elevated  above  the  surface  in  September,  1759,  is 
84  miles  from  the  nearest  point  of  the  sea-shore  (see  above, 
pp.  314-321) ;  the  volcano  of  Popocatepetl  is  132  miles ;  an 
extinct  volcano  in  the  eastern  Cordilleras  of  Bolivia,  near  S. 
Pedro  de  Gacha,  in  the  vale  of  Yucay  (see  above,  p.  295), 
is  upwards  of  180  miles;  the  volcanoes  of  the  Siebenge- 
birge,  near  Bonn,  and  of  the  Eifel  (see  above,  p.  231 — ^238), 
are  from  132  to  152  miles;  those  of  Auvergne,  Yelay,  and 
Vivarais,^  distributing  them  into  three  separate  groups  (the 
group  of  the  Puy  de  Ddme,  near  Clermont,  with  the  Mont 
Dore,  the  group  of  the  Cantal,  and  the  group  of  the  Puy  and 
Mezenc),  are  severally  148,  116,  and  84  miles  distant  from 
the  sea.    The  extinct  volcanoes  of  01o6,  south  of  the  Pyrenees, 
west  of  Gerona,  with  their  distinct  and  sometimes  divided 
lavarstreams,  are  distant  only  28  miles  from  the  Catalonian 
shores  of  the  Mediterranean,  while,  on  the  other  hand,  the 
undoubted,  and  to  all  appearances  very  lately  extinct,  vol- 
canoes in  the  long  chain  of  the  Bocky  Mountains,  in  the 
north-west  of  America,  are  situated  at  a  distance  of  from  600 
to  680  miles  from  the  shore  of  the  Pacific. 

A  very  abnormal  phenomenon  in  the  geographical  distri- 
bution of  volcanoes  is  the  existence  in  historical  times  of 
active,  and  partially,  perhaps,  even  of  burning  volcanoes  in 
the  mountain-chain  of  the  Thian-shan  (the  Celestial  Moun- 
tains), between  the  two  parallel  chains  of  the  Altai  and  the 
Kuen-lun.  The  existence  of  these  volcanoes  was  first  made 
known  by  Abel-B4musat  and«  Klaproth,  and  I  have  been 
enabled,  by  the  aid  of  the  able  and  laborious  investigations  of 

^  In  these  three  groups  which,  according  to  the  old  geographical 
nomenclature,  belong  to  Auvergne,  the  Vivarais,  and  the  Velay,  the 
distances  given  in  the  text  are  those  of  the  northernmost  parts  of  each 
group  as  token  from  the  Mediterranean  Sea  (between  the  Golfe  d'Aigues 
Mortes  and  Cette).  In  the  first  group,  that  of  the  Puy  de  Ddme,  a 
oiater  erupted  in  the  granite  near  Manzat,  called  Le  Gk>ur  de  Tazena, 
18  taken  as  the  most  northerly  point  (Bozet,  in  the  Mim.  de  la  Soditi 
QioL  de  Frcmce,  1. 1,  1844,  p.  119).  Farther  south  than  the  group  of 
the  Cantal,  and  therefore  nearest  the  sea-shore,  lies  the  small  volcanic 
district  of  la  Guiolle  near  the  Monts  d'Aubrac,  north-west  of  Chirac, 
and  distant  scarcely  72  geographical  miles  from  the  sea.  Compare  the 
CoirU  64ologique  de  la  France,  1841. 
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tlxemselves.  An  myestigation  wluch  has  now  been  long 
looked  for  in  vain,  founded  on  accurate  experiments,  ex- 
clasively  directed  to  these  escaping  gaseous  fluids,  would 
lead  to  an  invaluable  extension  of  our  knowledge  of  the 
geology  of  volcanoes,  if  at  the  same  time  attention  were  paid 
to  the  operation  of  the  sea- water  in  subterranean  formations, 
and  to  the  great  quantity  of  carburetted  hydrogen  belonging 
to  the  commingled  organic  substances. 

The  facts  which  I  have  brought  together  at  the  end  of  this 
section,  the  enumeration  of  those  volcanoes  which  produce 
pumice  without  obsidian,  and  those  which  yield  a  great  deal 
of  obsidian  and  no  pumice, — the  remarkable,  not  constant, 
but  very  diversified  association  of  obsidian  and  pumice  with 
certain  other  minerals,  early  led  me,  during  my  residence  in 
the  Cordilleras  of  Quito,  to  the  conclusion  that  the  formation 
of  pumice  is  the  result  of  a  chemical  process,  which  may  be 
verified  in  trachytes  of  very  heterogeneous  composition, 
without  the  necessity  of  a  previous  intervention  of  obsidian 
(that  is  to  say,  without  its  pre-existence  in  large  masses). 
The  conditions  under  which  such  a  process  is  performed  on  a 
large  scale,  are  perhaps  founded  (I  would  here  repeat)  less  on 
the  diversity  of  the  material  than  on  the  gradation  of  heat, 
the  pressure  determined  by  the  depth,  the  fluidity,  and  the 
length  of  time  occupied  in  solidification.  The  striking,  though 
rare,  phenomena  presented  by  the  isolation  of  immense  sub- 
terraneous  pumice-quarries,  &r  from  any  volcanic  structures 
(conical  and  bell-shaped  mountains),  lead  me  at  the  same  time 
to  conjecture^  that  a  not  inconsiderable — perhaps  even,  in 
regard  to  volume,  the  greater,  number  of  the  volcanic  rocks 
have  been  erupted,  not  from  upraised  volcanic  structures, 
but  from  a  net-work  of  fissures  on  the  surface  of  the  earth 
frequently  covering  over  in  the  form  of  strata  a  space  of  many 
square  miles.  To  these  probably  belong  those  masses  of 
trap  of  the  lower  Silurian  formation  of  the  south-west  of 
England,  by  the  chronometric  determination  of  which  my 
worthy  Mend,  Sir  Roderio  Murchison,  has  so  greatly  in- 
creased  and  heightened  our  acquaintance  with  the  geological 
construction  of  the  globe. 

»  See  above,  pp.  808,  830  832—836,  844—846,  ^54.  For  particulars 
respecting  the  geographical  distribution  of  pumice  and  obsidian  in 
the  tropiod  zone  of  the  New  Continent,  see  Humboldt,  Euai  Oioffnot- 
Hque  awr  le  gitement  dea  Roches,  dx.,  1823,  pp.  840—842,  and  844—347. 
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magnetio  storms,  141;  polar 
light,  151 ;  reaction  of  the 
interior  on  the  surface,  162 
(see  also  Barthmiakes,  Voleanoes); 
thickness  of  tne  crust  of,  pro- 
bably very  unequal,  169. 

Earthquakes,  variety  of  views  as 
to  their  cause,  167 ;  the  impulse, 
167 ;  translatory  movements, 
173 ;  subterranean  noises,  178 ; 
velocity  of  propagation,  179; 
distinguished,  but  improperly, 
as  Plutonic  and  Volcanic,  180 ; 
three  groups  of  phenomena 
which  indicate  the  existence  of 
one  general  cause,  183 ;  list  of 
memorable  examples  of  these 
phenomena,  183. 

Eurth-waves  in  volcanic  phe- 
nomenit,  171. 

Eastern  Asia,  volcanoes  of  the 
islands  of,  367. 

Edgecombe,  Mount,  a  volcano, 
269,  418;  another  in  New 
Zealand,  397. 

Edinburgh,  beautifol  aurora  ob- 
served at,  158. 

Edrisi  on  the  land  of  Qog  and 
Magog,  359. 

Elifel,  extinct  volcanoes  of  the, 
231  ;  two  kinds  of  volcanic 
activity  distinguishable,  232 ; 
Mitscherlich  on  the  minerals, 
235 ;  Ehrenberg  on  the  infusoria, 
237. 

Elburuz,  as  an  extinct  volcano,  862. 

Elevation,  question  of  the  in- 
fluence of,  on  magnetio  dip  and 
intensity,  114;  craters  of,  dis- 
tinguished from  true  volcanoes, 
227. 

Ellas,  Mount,  a  volcano,  252,  419. 

EUiot,  Capt.,  on  the  magnetic 
equator,  105. 

Ellipticity  of  the  earth,  specula- 
tions of  the  ancients  on  the,  26 ; 
BesseFs  determination,  27. 

El  Nuevo,  a  volcano,  274. 

El  Viejo,  a  volcano,  measurements 
of,  274. 


El  Volcaadto,  now  a  moiurtain  of 

ashes,  321. 
Emanations  from  fumaroleOy  their 

nature,  424. 
Enceladus.    See  Typhcn. 
England,  volcanic  phenomeiia  in, 

350,  483. 
Equator,  magnetic.    See  Magndic 

equator. 
Erebus,  Mounts  the  volcano^  103^ 

249. 
Erman  on  the  magnetic  equator, 

105  ;  his  researches  on  tbe  vol* 

canoes  of  Kamtschatka,  363. 
Erupted  blocks,  479. 
Eruption,  masses   of,    consldeni' 

tions  on,  225 ;  craters  o^  226. 
Eruptions  of  volcanoeSt  consldera' 

tions  on  the  general  laws  oC 

255;  varying  heights  to  which 

matters  are  cast,  264. 
Etna,  eruptions  of,  usually  occur 

within  a  space  of  six  years,  255; 

periods  of  its  greatest  activity, 

257;  height  to  which  ejected 

matters    attain,  265;    its    tra* 

chytes,  465. 
Euboea,  Strabo's  description  of  an 

earthquake  in,  225. 
Europe,  active  volcanoes  of,  349; 

extinct  volcanoes  and  volcanic 

phenomena,  231,  288,  850,  48a 

Faraday's  discovery  of  the  pan^ 

magnetic  force  of  oxygen,  78; 

important  results  expected  froiD 

it,    82,  99;  on  diamagnetisin, 

49,  78. 
Fairweather,  Mount,  a  volcano,  4 18. 
Felspar,  variety  of  minerals  com* 

prised  under  the  denominadoo 

of,  467,  474. 
Ferdinandea,  the  volcanic  island, 

349. 
Figure  of  the  earth,  attempts  to 

solve  the  problem,  18;  deter 

minations  of  Bessel,  14 ;  earlier 

observations,  16. 
Fissures  caused  by  earthquakea, 

178;  volcanic,  226,  228;  vot 
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canoes  upheaTod   on   flBsures, 
265.    See  Volcanoes. 
Pitzroy'a  magnetio   obsenrations, 

71. 
Floods  in  riyen,  prognoBtlcation 

of,  187. 
Forbes,  on  the  conductive  power 

of  different  rocks,  88. 
Fogo,   Tolcano   of  the   Ilha   do, 

262. 
Formosa,  the  turning-point  of  the 
lines  of  volcanic  elevation  in 
the  islands  of  Eastern  Asia,  369 ; 
its  volcanoes,  377. 
Foucault's  apparatus  for  demons- 
trating the  rotation  of  the 
earth,  25. 

France,  extinct  volcanoes  of,  288, 
278. 

Franklin  on  frozen  earth  in  the 
north-west  of  America,  48 ;  his 
Arctic  voyages,  65 ;  search  for 
him,  65. 

Franklin's  Bay,  volcano  o^ 
more  properly  a  salse,  419. 

Fredonia,  near  Lake  Erie,  springs 
of  inflammable  gas  at,  213. 

Fremont's  hypsometrical  investiga- 
tions in  North-West  America, 
410. 

Fremont's  Peak,  415. 

French  Alps,  highest  summit  of 
the,  230. 

Frozen  earth,  its  geographical  ex- 
tension, 46. 

Fte-nan,  a  Chinese  magnetic  appa- 
ratus, 50. 

Fuego,  Volcan  de,  described,  276. 

Fumaroles,  various  classes  o^  424 ; 
Bunsen  on  their  products,  424. 

Fummarole  of  the  Tuscan  Ma- 
remma,  211. 

Fused  interior  of  the  earth,  246. 

Qalapagos,  the,    countless   cones 

and  extinct  craters,  400 ;  pumice 

not  found  there,  401. 
Qalera  Zamba,  terrible  eruptions 

of  flames  and  terrestrial  changes 

at,  218. 


Gandavo,  Fray  Juan  de,  explores 
the  crater  of  Masaya,  260. 

Gas,  volcanic  exhalations  of,  in- 
quiry into,  441.  See  also 
Springs, 

Gauss,  his  theory  of  terrestrial 
magnetism,  62. 

Gay  Lussac  on  the  chemical  causes 
of  volcanic  phenomena,  169; 
on  waves  of  commotion  and 
oscillation,  l7l. 

(}emellaro,  his  estimate  of  the 
height  to  which  erupted  bodies 
ascend  firom  Etna,  265. 

Geographical  distribution  of  vol- 
canoes, 421 ;  an  abnormal  phe- 
nomenon in,  noticed,  433. 

Geological  terma^  origin  of  some, 
450. 

Geysirs,  the,  of  Iceland  described, 
199. 

Gilbert)  William,  lays  down  com- 
prehensive views  on  the  mag- 
netic force  of  the  earth,  57. 

Glassy  felspar.    See  Felspar, 

Gk>divel,  Lao  de  la,  an  extinct 
volcano,  238. 

Gk>g  and  Magog,  oriental  myth  of, 
359. 

Gold,  believed  to  be  found  in 
volcanoes,  261 ;  descent  into 
Masaya  in  search  of  it,  261. 

Graham,  his  observation  of  the 
hourly  variations  of  the  mag- 
netic force,  60. 

Graham  Island,  temporary  for- 
mation of,'  349. 

Grand  Ocean,  a  term  for  the  basin 
of  the  South  Sea,  objected  to, 
404. 

Granite,Mit8cherlioh's  experiments 
on  the  melting  point  ot,  246. 

Greece,  has  frequently  suffered 
from  earthquakes,  177;  great 
numberof  thermal  springs,  177. 

Grenelle,  the  Artesian  well  of,  36.  . 

Ground  temperature,  observations 
on,  190.    See  also  Frozen  earth. 

Guadeloupe,  the  Soufriere  ol,  d<»> 
scribed,  423. 
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